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(57) Abstract 

The invention describes the preparation and use of fluorescent stains for nucleic acids derived from unsymmetrical cyanine dyes 
comprising a substituted benzazolium ring system linked by a methinc bridge to a pyridinium or quinoUnium ring system having at least one 
substituent that is a satiarted or unsaturated cyclic substituenL Superior fluorescent characterisrics when completed with nucleic acids give 
the dyes utility for the oetection of oligonucleotides and nucleic acids in cells, gels, and solutions. The presence of the cyclic substituent 
results in improved permeability in a wide range of cells and gels, resulting in improved detection of nucleic acids. Combination with 
additinal dyes permits analysis of cell membrane integrity. Gram sign, or cell structure and function. 



I: <WO 94242 13A1_L> 



, ~ — I 

I 

FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


AiutrU 


GB 


Uoitcd KiDgdoa 


MR 


Maioitaoia 


AU 


Austnik 


GE 


GeorgM 


MW 


Malawi 


BB 


Bvtxadoe 


CN 


GuincA 


NE 


N"igfr 


BE 


Belgium 


GR 


Greece 


VL 


Netfaertandi 


BF 


Burlciiu Ftso 


HU 


Hungary 


NO 


Nopft-ay 


BG 


Bulgiru 


IE 


Ire Land 


NZ 


New Zealand 


BJ 


BcaiQ 


rr 


ItAly 


PL 


Poland 


BR 


Brazil 


jp 


Japan 


PT 


Pomigal 


BY 


BcUna 


KE 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgysian 


RU 


Runiao Fedendoo 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


cx; 


Congo 




of Korea 


SE 


Sweden 


ce 


Switzerlind 


KR 


Republic of Korea 


SI 


Slovtnia 


a 


C6te d'lvoire 


KZ 


KAzakbsun 


SK 


Slov&laa 


CM 


CimcrooQ 


U 


Uecfatensteln 


SN 


Senegal 


CN 


ChinA 


LK 


Sh Lanka 


TD 


Chad 


cs 


CzecfaotloviloA 


LV 


Luxembourg 


TG 


Togo 


cz 


Czect Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Geraumy 


MC 


Monaco 


IT 


'nimdad and Tobago 


DK 


Detmurk 


MD 


Republic of Moldova 


UA 


frkraine 


ES 


SpAio 


MG 


Madagaacar 


US 


Ironed State* of Amoica 


n 


RnlAod 


ML 


Mall 


LZ 


Uzbekifluo 


FR 


Fruicc 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gftboo 











<W0 942421 3At.U> 



wo 94/24213 



PCT/US94/04127 



10 



35 



CYCLIC-SUBSTITUTED UNSYMMETRICAL CYANTNE DYES 

FIELD OF THE INVENTION 

The invention relates to fluorescent dyes for nucleic acids. In particular, tlie invention relates to dyes 
derived from unsymmetrical c>'anine dyes having a saturated or unsaturated c\xlic substituent that stain 
nucleic acids in a variet>' of media. 

BACKGROUND INFORMATION 



In many fields of life sciences research, including biological, biomedical, genetic, fermentation, 
aquaculture, agricultural, forensic and environmental research, there is a need to identifv' nucleic acids both 
isolated and within cells as a routine component of standard experimental methods. Such applications require 
a fast, sensitive, and selective methodology that can detect nucleic acids, even when bounded (or surrounded) 
15 by cellular membranes, such as living cells. Additionally, analysis of cells from mixed populations of cells or 
microorganisms for both viability and/or Gram sign is a routine component of standard experimental methods. 

Although certain unsymmetrical cyanine dyes were first described before the genetic role of nucleic 
acids was established (Brooker, et al., J. AM. CHEM. SOC. 64, 199 (1942)), a variety of unsymmetrical 

20 cyanine dyes have now been found to be very effective in the fluorescent staining of DNA and RNA. The 
compound sold as Thiazole Orange has particular advantages in the quantitative analysis of inunature blood 
cells or reticuloc>ies (U.S. Patent No. 4,883,867 to Lee, et al. (1989)) or in preferentially staining the nucleic 
acids of bloodbome parasites with little staining of nucleated blood cells (U.S. Patent No. 4,937,198 to Lee, et 
al. (1990). Thiazole Orange and similar thioflavin dyes are permeant to many mammalian cells, yet are 

25 impermeant to some eukaryotic cells. 

The inventors have discovered that attachment of various cyclic structures to a parent unsymmemcal 
c>'anine produces a family of superior nucleic acid dyes. Surprisingly, although bulkier, the new dyes more 
quickly penetrate the cell membrane: of a wider variety of cell t>pes, including both gram-positive and 
30 gram-negative bacteria, yeasts, and eukaryotic cells as well as prokaryotic cells. The subject dyes also more 
rapidly stain electrophoretic gels used for the separation of nucleic acids. Direct comparison of the rate of 
uptake in bacteria with known dyes such as Thiazole Orange and its homologs, shows enhanced uptake of the 
new compounds (Table 1). Even in applications where cell permeability is not a factor, the quantum yield of 
most of these dyes is unexpectedly, and significantly, better than that of Thiazole Orange (Table 2). 



Furthermore, by simple s>'nthetic modification, a family of dyes having absorption and emission 
spectral propenic: that cover most of the visible and near-infrared spectrum can be prepared. The improved 
fluorescent propenies of the dyes of the present invention present significant advantages for the detection of 
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cellular or non-cellular nucleic acids in all areas of nucleic acid research. These dyes are particularly useful in 
combination with other dyes, for example to differentiate cells and/or determine viabilit>\ 



Table 1: Loading Time 





To peak (sec) 


To Equilibriam (sec) 


DYE 


5. aureus 


E. coli 


S. awvus 


E. coli 






To. 


To 95 


To 95 


61 


3.4 


18.2 


66.9 


270.9 


63 


7.9 


ND 


172.2 


ND 


613 


9.1 


11,3 


1490 


163.1 


619 


7.3 


15.5 


34.3 


243.3 


624 


7.6 


24.3 


27.6 


89.4 


628 


19.6 


36.8 


47.2 


89.9 


591 


6.3 


25.3 


116.3 


73.3 


634 


14.5 


12.5 


86.3 


154.2 


73 


10.0 


23.3 


145.1 


58.6 


720 


6.8 


21.6 


216.4 


221.6 


Thiazole 
Orange 


57.2 


39.2 


242.0 


125.9 



5 Loading time is expressed as: time required to reach half of the maximal fluorescence (T0.5) and to reach 95% 
of the fluorescence measured at equilibrium (T0 95). 



Table 2: Properties of Representative Dyes 



DYE 


Ex /Em (nm) 


Properties on DNA 


RNA 


DNA' 


RNA' 


V 


QY^ 


P.B.' 




F.E.* 


61 


500/527 


510/530 


1.0E07 


0.46 


1.10 


353 


502 


63 


514/531 


515/537 


3.9E06 


0.24 


1.08 


582 


696 


613 


506/523 


508/529 


5.3E06 


0.33 


1.14 


225 


1614 


619 


488/517 


492/529 


9.7E06 


0,62 


0.89 


301 


518 


624 


480/501 


485/505 


5.0E06 


0.58 


1.17 


661 


1435 


628 


488/506 


490/510 


7.0E06 


0.40 


1.13 


771 


166 


591 


509/532 


517/536 


4.8E06 


0.09 


1.11 


169 


653 


634 


510/530 


511/533 


2.0E06 


0.18 


1.10 


176 


122 


73 


508/525 


510/531 


4.4E06 


0.31 


1.12 


700 


371 


720 


487/507 


490/523 


L2E07 


0.52 


1.09 


1330 


107 


Thiazole 
Orauge 


510/530 


509/535 


4.8E06 


0.18 


1.01 


143 


811 



1. Obtained using a standard ratio of 50 bp of DNA (bases of RNA) to 1 \M dye (standard solution) in 
10 Tris buffered saline (10 mM Tris base, 1 mM EDTA and 50 mM NaCl), pH 7.4. in a spectrophotometer 

(absorbance), or in a fluoromeier (emission) using 1 0-fold less dye and nucleic acid. 

2. Partition coefficient (Kp) determined by linear fitting of plots of reciprocal fluorescence enhancement 
versus reciprocal DNA concentration, as measured using a CytoFluor microliter plate fluorescence reader, 

3. Quantum yield (QY) of dye on DNA (standard solution in Tris buffered saline adjusted to pH 10) in 

15 comparison with fluorescein (fluorescein assumed to have quantum yield of 0.92 under test conditions). 

4. Photobleaching (P.B.), expressed as the residual fluorescence from the new dye relative to that of 

fluorescein under identical conditions. A 0.05 OD standard solution in Tris buffered saline is illuminated 
at 485 nm (ex. bandwidth of 20 nm). fluorescence is measured at time 0 and 30 min. Fraction of new dye 
fluorescence after 30 minutes is divided by fraction of fluorescein fluorescence under identical conditions. 
20 5. Fluorescence enhancement (F.E.) is the fluorescence of the standard solution divided by the fluorescence of 
the same dye in the absence of nucleic acids. 

2 



BNSOOCID: <W0 9424213A1_I_> 



wo 94/24213 



PCTAJS94/04127 



5 

i 

10 



15 

20 
25 



30 



DESCRIPTION OF DRAWINGS 

Figure I: Each numbered panel (1-15) corresponds directly id the combination of stains shown in Table 5. 
SUMMARY OF THE INVENTION AND DESCRIPTION OF PREFERRED EMBODIMENTS 

The c>'clic-subsiituted unsymmetrical cvanine dyes of the invention are vinually non-fluoresrem when 
diluted in aqueous solution. When bound to nucleic acid polymers such as DNA and RNA, however, the 
resultant dye-nucleic acid complex becomes extremely fluorescent upon illumination. The dyes of the present 
inv ention are highly permeant and label nucleic acids in a wide variet>' of solid or liquid samples, particularly 
in cells and gels. These dyes are optionally used in combination with other detection reagents to differentiate 
varioius properties of cells such as viabilit>\ Gram sign, or antibody staining. 

The dyes of the invention comprise three parts: 1) a first heterocyclic ring system that is a substituted 
benzazolium ring s>'Stem, 2) a linking methine bridge and 3) a second heterocyclic ring system that is a 
pyridinium or quinolinium ring system, one or more positions of which is substituted by a saturated or 
unsaturated, substituted or unsubsti luted, cyclic substituent. The two ring systems are optionally further 
substituted independently by lower alk>'l, ether, ihioether, substituted or unsubstituted amine, sulfonate ester, 
halo, or cyclic substitutents. Preferably the ring nitrogen of the second heterocyclic ring system contains a 
cyclic substitutent, adjacent to which is a second non-hydrogen substituent. The non-hydrogen substituent is 
preferably another cyclic substitutent, or a halo, an ether, a thioether, a substituted or unsubstituted amine, or a 
sulfonate ester substituent. 

Specific examples of the dyes of the present invention are described by the formula: 



where the substituted benzazolium ring s>'stem on the left is linked by a methine bride to the righthand 
p\Tidinium or quinolinium ring s>'stem, one or more substituents of which must be an OMEGA. 

An OMEGA is a saturated or unsaturated, substituted or unsubstituted, cyclic substituent that has a 
total of 2-16 ring carbon atoms in 1-2 alicyclic, aromatic, or heteroa]ic>'clic or heieroaromatic rings containing 

3 
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M heteroatoms (wherein the heiero atoms are 0, N or S) that is directly bonded to the pyridinium or 
quinolinium ring system by a single bond. Examples of OMEGA are substituted or unsubstituted c>'Clohex>is, 
cyclohexenyls, morpholinos, and piperidinyls. Examples of OMEGA that are aromatic include substituted or 

^ unsubstituted naphihyls, phenyls, thienyls, benzotluazolyls. ftiranyis, oxazolyls, benzoxazolyls, and pyridinyls. 

5 Substituenis on OMEGA are independently hydrogen, halogen, alk>i, perflucroalkyl, amino, alkylamino, 
dialk>iamino, alkoxy or carboxyallcyl, each alkyl having 1-6 carbons. Preferred embodiments of OMEGA are 

•■\ substituted or unsubstituted naphthyl, phenjl, thieny!, morpho^ino, and c^clohexTl, more preferaoly substituted 

c\ or unsubstituted phenyl. 

10 Although R' on the benzazolium ring s>'Stem is usually H. incorporation of one or more non-hydrogen 

substituents R' can be used to fine tune the absorption and emission spectrum of the resulting dye. For 
instance when R' is a methoxy (compound 770 ) its absorption spectrum shifts - 12 nm and its emission 
spectrum shifts - 18 nm (Table 5) relative to the comparable compound where R' is H (compound 63). The 
benzazole may contain more than one substituent R', which may be the same or different (i = 1-4). Each R' is 
15 optionally an allc>i group having from 1-6 carbons; or a trifluoromethyl; or a halogen; or -0R^ -SR^ or 

-(NR^R') where R^ and R^ which can be the same or different, are independently H or alkyl groups having 1-6 
^ carbons; or 1-2 alicyclic, aromatic, or heteroalicyclic or heteroaromatic rings having a total of 3-16 ring atoms 

«^ (wherein the hetero atoms are 0. N or S); or R^ and R' taken in combination are -(CH2)2-L-(CH2)2- where L ~ 

-0-, -NR'^ -CHj- or a single bond where R**" is H or an alkyl group having 1-6 carbons. Typically, the 
20 compound contains no more than one R' that is not H. 

The substituent R^ is an alkyl group having 1-6 carbons, preferably methyl or ethyl, more preferably 

methyl. 

25 The counterion Z" is a biologically compatible ion that is stable and synthetically accessible. 

Examples of Z' include, among others, chloride, bromide, iodide, sulfate, alkanesulfonate, ar>'lsulfonate. 
phosphate, perchlorate, teirafluoroborate, tetraarv'lboride. nitrate and anions of aromatic or aliphatic cartox>'lic 
acids. Preferred Z" counterions are chloride, iodide, perchlorate and various sulfonates. 

30 X is one of O. S. Se or NR", where R'^ is H or an alk^ l group having 1-6 cartons. AJiematively, X is 

CR'^R' ', where R'* and R'", which may be the same or different, are independently H or alkyl groups having 
1-6 carbons, or the carbons of R'^ and R'" taken in combination complete a five or six membered saturated 
ring. Generally, R'^ and R" are methyls. 

35 The two heteroc\'clic ring s>'Stems are linked by I, 3 or 5 methine (-CH=) groups in such a way as to 

permit exlensive electronic delocalization. When n = 0 the dyes are uns>Tnmetrical monomethine dyes; when 
n = I the dyes are iri methine dyes; when n = 2. the dyes are pentamethine dyes. As with similar compounds 

^} 

4 
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(Griffiths, COLOUR AND CONSTITUTION OF ORGANIC MOLECULES, pp. 241 (1976)), the number of 
methine groups benveen the heteroaromatic rings influences the spectral properties of the dye (Table 3). 

The N-bound substituenl R* is an alkyl, alkenyl, polyalkenyl, alkynyl or polyalkynyl group having 1-6 
5 carbons; or R^ is an OMEGA. Most commonly R^ is an OMEGA. 



4 



10 



The second ring s\'stem contains a ring fragment Y that is -CR^=CR'-, with subscripts p and m equal 
to 0 or I, such that p + m = 1. For all embodiments, the ring contains a 6 membered pyridinium-based 
heterocycle according to one of these formulations 



\ 




N- 



or 




N 



^(CH=CH)-CI 




15 In preferred embodiments of the invention, m = 1 and p = 0 (4-pyridinium). 



20 



The substituents on the second heterocyclic ring system, K\ R\ R* and R\ may be the same or 
different and are independently H: or an alkyl, alkenyl, polyalkenyl, alkynyl or polyalkynyl group having 1-6 
carbons; or a halogen; or -OH, -0R^ -SR^ -(NR^R'), as deflned previously; or -OSO^R'^ where R'^ is alk>'l 
having 1-6 carbons, or perfluoroalkyl having 1-6 carbons, or aryl; or an OMEGA (defined above); or R^ and 
R^ taken in combination are -(CHz)^,- where v = 3 or 4, forming a fused 5 or 6 membered ring, or R^ and R^ 
taken in combination form a fused 6 membered aromatic ring. 



Where R^ and R"^ taken in combination form a fused 6 membered aromatic ring, embodiments of this 
25 invention are quinolinium derivatives according to the formula 
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where ring substituents R'\ R'\ and R'" may be the same or different, and are independently H; or an 
alkyl, alkenyl, polyalkenyl, alkywl or polyalkynyl group having 1-6 carbons; or a halogen; or -OH, -OR^ -SR^ 
5 -(NR^R"), where R^ and R' are as defmed previously: or -OSO.R*^ where R'^ is alkyl having \-C carbons, or 
perfluoroalk)'! having 1-6 carbons, or arv'l; or an OMEGA. A preferred embodiment of the invention is a 
quinoiinium wherein m - 1 and p = 0 (4-quinohnium). 

For all embodiments of the invention, one or more of the substituents of the pyridinium or 
10 quinoiinium ring s\'stem is an OMEGA. Preferably, one or two substituents are OMEGAs. When more than 
one OMEGA is bound to a compound of the present invention, the two or more OMEGAs may be the same or 
different. For embodiments of the invention that contain pyridinium ring systems, OMEGA is preferably R^ 
or R* or both. For embodiments of the invention that contain a 4-quinoliiiiimi ring system, OMEGA is 
preferably R^ or R\ or both. For embodiments of the invention that contain a 2-quinoIiiiium ring system, 
15 OMEGA is preferably R^ R" or both. For all embodiments of the invention, preferably R^ is an OMEGA. 

One embodiment of the invention contains exactly two non-hydrogen substituents on the second 
heterocyclic ring, one of which is an OMEGA. In one preferred embodiment, R^ is an OMEGA and the 
substituent adjacent to R^ (R^ for pyridiniums, R"* for 4-quinoliniums, and R" for 2-quinoliniums) is a non- 
20 hydrogen substituent. In one aspect, the substituent adjacent to R* is halogen or -OSO^R'^ more preferably 
halogen, in another aspect, the substituent adjacent to R^ is an OMEGA. In another preferred embodiment, 
one non-h , drogen substituent is -OR^ -SRl or -NR^R^, preferably -NR^R^. 
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Table 3 



UlC, 


EXmax 


QY 


QY 


Kp 


EM max 


(DNA) 


(RNA) 




Thiazole Orange 


510/530 


0.18 


0,15 


4.8 E6 


61 


500/527 


1 0.46 


0.34 


1.0 E7 


63 


514/531 


0.24 




3.9 E6 


64 


450/523 








71 


508/526 


0.31 






72 


515/535 


0.026 




1.2 E6 


73 


508/525 


0.31 




4.4 E6 


200 


739/759 








542 


510/527 








578 


470/504 






4.1 E5 


582 


516/533 








591 


509/532 


0.09 


0.13 


4.8 E6 


613 


506/523 


0.33 




5.3 E6 


616 


471/510 






3.8 E5 


619 


488/517 


0.62 


0.22 


9 7 E6 


621 


635/656 

yjj ji\jj\f 








624 




\J .JO 


U.J / 


J.U CO 










/.u to 






A 10 








HO"/ J\JO 


n M 






634 




n iR 

U. lO 




z.u no 


637 










639 


513/548 


0.20 




R n Ffi 


640 


471/516 








641 


503/526 


0.35 




7 0 F7 


672 


586/611 








720 


487/507 


0.52 




1.2 E7 


742 


570/611 








752 


494/518 


0.51 






758 


504/524 


0.44 




O.J t-U 


760 


483/510 


0.68 






764 


486/S08 

tOU/ ^\JO 


0 SR 


n 46 

U,*tU 


1 1 P7 


765 


506/524 


0.50 




1 1 F7 


770 


526/549 






1 7 F^l 


774 


517/533 






7 9 £5 


776 




0.65 






780 (CI) 


513/536 


0.09 




3.4 E6 


780 (S) 




0.31 






830 


517/533 








834 


486/507 








835 


495/518 








853 


516/555 








854 


483/520 








856 


502/523 


0.43 






5103 


511/530 


0.18 




5.4 E6 


6104 


505/523 


0.52 




1.3 E7 



7 
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Table 4 



DYE# 


X 


heterocvcle 


R' 


R= 




R5 


R^' 


R'2 


n 




c 

o 


7 -nvTt H i n i 1 1 m 


H 


Me 


H 


phenyl 






0 


J to 


C 


*T*pV 1 lUllllUill 


H 
i 1 


Me 


CI 


phenyl 






0 


0X0 


c 
o 


4 -pyn a 1 n I iini 


LJ 

n 


ivic 




rV'N/ff'O-nhpnvl 






0 


04U 


c 


4-p\Tidinium 


TI 

n 


ivie 


n 


pilCllj 1 






Q 


742 


c 


4-p>TicIiniurti 


TI 

rl 




n-but\i 


pnenyi 






1 

i 


o4 


c 
o 


2~c)uinolinium 


n 


(Vie 


TJ 

n 


piiciij 1 




H 


0 


^ 1 


c 
o 


4*quinoIinium 


jn 


ivic 


n-but\'l 


nhpnvl 


H 


H 


0 


0 J 


c 


^HjUinoiiniuiTi 


n 




11 


niienvl 


H 


H 


0 




c 


n-'UliinOllIlIUIll 


T4 
n 


Mp 


n-butvl 


thienyl 


H 


H 


0 




c 
o 


J._/i iiinrvliniii m 
*T U 1 IIU 1 1 1 U U 1 1 1 


H 


Me 


H 


Me 


ph'jnyl 


H 


0 


71 


c 


*t U 11 1 U 1 1 U 1 U 1 1 1 


H 
n 


Me 


H 


c\'clohexvl 


H 


H 


0 


1 70 


c 
o 


4-cjuinoitniuin 


n 


Mp 




ohenvl 


H 


H 


0 


iUU 


c 


4-<5uinoIinium 


o 
n 


Mp 


n*but\'i 


nhpnvl 


H 


H 


2 


200 


s 


4-quinoIinium 


H 






phenyl 


n 


u 
n 


n 

V 


542 


s 


4-quinolinium 


T T 

H 


Me 


TJ 

H 


cv'clohexenvl 


u 
rl 


rl 


yj 


582 


s 


4-quinolinium 


H 


Me 


LI 


^MeO-phenyl 


TJ 

rl 


Jti 


A 
VJ 


591 


s 


4-quinolinium 


H 


Me 


CI 


phenyl 


TJ 

rl 


TT 

rl 


A 

u 


613 


s 


4-quinolinium 


H 


Me 


Me 


phenyl 


TT 

H 


TT 
H 


0 


619 


s 


4-quinolinium 


H 


Me 


-NEU 


phenyl 


TJ 

H 


TJ 

ri 


A 

u 


621 


s 


4-quinolinium 


H 


Me 


n-but\'l 


phenyl 


TJ 

H 


TJ 

rl 


1 

1 


624 


o 


4-quinolinium 


H 


Me 


n-but\l 


phenyl 


TJ 


TJ 

rl 


A 
U 


628 


s 


4-quinolinium 


H 


Me 


Aa 

-UMe 


phenyl 
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Synthesis 

In general, synthesis of these dyes requires three precursors: a benzazolium salt, a pyridinium (or 
qui noli nium) salt (both of which have the appropriate chemical substituenis), and (where n = 1 or 2) a source 
for the methine spacer. Although the combination that enables these compounds to be useful stains fo;- nucleic 
acids has not been described previously, the chemistry that is required to prepare and combine tliese precursors 
so as to yield any of the subject derivatives is generally well-undersiood bv one skilled in the art. 



10 
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30 



The benzazolium moierv . 

A wide variety of derivatives of this r)pe have been described (Brooker. ei al.. J. AM. CHEM. SOC, 
64, 199 (1942)) and Hamer, "The Cyanine Dyes and Related Compounds", THE CHEMISTRY OF 
HETEROCYCLIC COMPOUNDS, Vol. 18, A. Weissberser, Ed., Interscience, New York (1964). These 
precursors have the common structure: 



Z 



- r2 




X may be O (benzoxazolium), S (benzothiazolium), Se (benzoselenazolium), N or an alky I -substituted 
N (benzimidazolium) or a carbon atom substituted by two alk\'l groups R'^R'^ (indoiium) (where R'^ and R'^ 
20 are independently alky I groups having 1-6 carbons, or R'^ and R'^ taken in combination complete a five or six 
membered saturated ring). 

R' is usually incorporated in the parent benzazole molecule prior to quatemization with an alkylating 
agent. R- is usually obtained by alk>iation of the parent heteroc>'cie with R--Z, where R^ is an alkyl group 
25 having 1-6 carbons and Z is an electronegative group that frequently becomes the counierion on the resultant 
dye. Z* is a biologically compatible counterion that additionally is stable and s>'ntheucaiiy accessible. The 
counterion may be exchanged for another counierion by methods known in the art, such as the use of ion 
exchange resins or by precipitation. Preferred R--Z are compounds that yield R^ = methyl, such as methyl 
iodide. 



A is a substituent whose nature is determined by the s>nthetic method utilized to couple the 
benzazolium precursor with the pyridinium or quinolinium precursor. When n = 0, A is usually alk>'lthio, 
commonly methylthio, or A is chloro, bromo or iodo. When n = 1 or 2. A is methyl. 
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The pvridinium or quinolinium moiety . 

The second heterocyclic precursor is a pyridinium or quinolinium salt. These can sometimes be 
5 generated from the corresponding pyridine or quinoline by alkylation at nitrogen using a suitable alkylating 
agent R*-Z. However. 2- and 4-pyridones and 2- and 4-quinolones are much more versatile chemical 
inicrmcdiatcs. with the added advantage of being easily prepared (for examples see HETEROCYCLIC 
COMPOUhTDS. VOL. I. R. C. Elderfield ed., John Wiley and Sons Inc., (1952) pp 1-331 or Wawzonek et al., 
J. HETEROCYCLIC CHEM., 25, 381 (19H8)). 

0 

Typically the required pyridinium salt precursor has the structure 



or 



15 and the quinolinium salt precursor has the structure 




or 




20 At all times, the ring is a cationic 6-membered pyridinium- or quinolinium-based heterocycle. 

When n = 0, B is methyl, or B is chloro. bromo or iodo. When n = 1 or 2, B is methyl. Only when n 
= 1 or n = 2 is any part of B incorporaicd in the fmal compound. 

% 

25 When is an OMEGA or alkyl. the 2-pyridone or 4-pyridonc or 2-quinoione or 4-quinolone can be 

treated with a powerful nucleophiie such as a Grignard or an alk>i lithium reagent (Example 11) or with a 
metal hydride (Example 12), to generate the pyridinium or quinolinium salt after acid-catalyzed 
dehydro\Tlation. 
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The pyridone or quinolone can also be converted to a pyridinium or quinolinium salt by using an 
agent such as phosphorous oxychloride, phosphorous tribromide, diethylaminosulfur trifluoride (Example 5) or 
uifluoromethanesulfonic anhydride. The resulting activated intermediate can be condensed with the 

-jic 5 appropriate benzazoiium salt to form the dye directly (Example 6) or the aciivated intemediate can be treated 

with alcohols, phenols, or alkoxides to \ieid ether derivatives (Example 10), thiols or thiolphenols to >ield 

^ thioether derivatives (Example 8) or ammonia or amines to vield iiubstituted or unsubstinited amino derivatives 

I 

^ (Example 7). 

10 The methine bridge . 

The methine bridge consists of 1, 3 or 5 methine (-CH-) groups that bridge the benzazoiium rings 
and the p>Tidinium or quinolinium ring(s) in such a way as to permit extensive electronic conjugation. 

1 5 Synthesis of monomethine dyes (n = 0) commonly uses a combination of reagents where the methine 

carbon atom results from either A on the 2-position of the benzazoiium salt or B on the 2- or 4-position of the 
^ pyridinium or quinolinium salt being methyl and the other of A or B being a reactive "leaving group'* that is 

fi5 typically methylthio or chloro (Brooker et al., supra) . 

20 To synthesize trimethine dyes (n = 1) or pentamethine dyes (n = 2) both A and B are methyl. In these 

cases the additional methine carbon of is provided by a reagent such as N-methylformanilide or ethyl 
onhoformate (HOUBEN-WEYL, supra) or the additional trimethine fragment is provided by a malonaldehyde 
equivalent such as 1.1,3,3-tetramethoxypropane: l,L3-trimetho\->propene, 3-(N-methylaniIino)propenal or 1- 
anilino-3-phenylimino-l-propene (Sprague, supra) . 



25 



Subsequent modification of dyes 



As described earlier, the reactivit>' of the 2-halogenated pyridinium or quinolinium intermediate offers 
a variety of synthetic methods for atiachmc t of various substituents at the 2-position. However, the reaclivit>' 
30 of the 2-halo derivatives is preser\'ed even after conjugation with the benzazoiium precursor, enabling 

conversion of the resulting dye in which R** is halogen into the appropriate ether, amine and thioether analogs, 
as described above for the pyridinium and quinolinium precursors (Examples 7, 8 and 10). 



35 



Method of Use 

The use of the invention comprises combining a dye of the present invenuon with a sample that 

contains or is thought to contain a nucleic acid, incubating the sample for a time sufficient to obtain a 

detectable fluorescent response, and observing the fluorescent response. The sample is optionally combined 

U 
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with one or more additional dyes (preferably fluorescent dyes) having a response detectably different from that 
of the subject dyes. 

^ji Typically, the subject dye is present as a staining solution, which is prepared by addition of the dye to 

5 an aqueous solution that is biologically compatible v^ith the sample. The staining solution is mzdt by 

dissolving the dye directly in an aqueous solvent such as water, a buffer solution, such as buffered saline 
A (preferably non-phosphate), or an organic water-miscible soh^ent such as dimethylsulfoxide (DMSO), 

•M dimetnylformamide (DMF), or a lower alcohol such as .nethanol or e Jianol, or acetonitn.le. Typically the dye 

is preliminarily dissolved in an organic solvent (preferably 100% DMSO) at a concentration of greater than 
10 about lOO-limes that used in the staining solution, then diluted one or more times with an aqueous solvent 
' ^' such as water or buffer, such that the dye is present in an effective amount. An effective amount of dye is the 

amount sufiTicient to give a detectable f.uorescent response when in the presence of nucleic acids. T>pically 

staining solutions for cellular samples have a dye concentration greater than about 0. 1 nM, and less than about 

100 ^M, more typically greater than about 1 nM. Staining solutions for electrophoretic gels typically have a 
15 dye concentration of greater than about 1 ^jlM and less than about 10 |iM, more typically about 4-5 ^M. 

Staining solution for detection of free nucleic acids in solution t>'pically have a concentration 10 nM-l loM. 

The specific concentration of the staining solution is determined by the physical nature of the sample, and the 
,^ nature of the analysis being performed, and can be optimized according to standard procedures such as 



described for cell samples in Example 16. 



20 



The dye is combined with a sample that contains a nucleic acid. The nucleic acid in the sample may 
be RNA or DNA, or a mixture thereof. Any DNA is optionally single-, double-, triple-, or quadruple-stranded 
DNA. The nucleic acid may be natural (biological in origin) or s>Tithetic (prepared artificially). The nucleic 
acid may be present as nucleic acid fragments, oligonucleotides, or nucleic acid polymers, and may contain 
25 imnatural bases. The nucleic acid may be present in a condensed phase, such as a chromosome. The presence 
of the nucleic acid in the sample may be due to a successful or unsuccessful experimental methodolog>'. 
undesirable contamination, or a disease state. Nucleic acid may be present in all, or only part, of a sample, and 
the presence of nucleic acids may be used to distinguish between indi\idual samples, or to differentiate a 
portion or region within a single sample. 

30 

The nucleic acid may be enclosed in a biological structure, for example contained within a viral 

particle, an organelle, or uithin a cell. Cell types include, but are not limited to, eukaryotes, such as nucleated 

plant and animal cells, and prokaryotes. such as bacteria (including both Gram-negative and Gram-positive 

bacteria such as Bacillus cereus, Bacillus subtilus, Clostridium sporogenes, Corynebacteriuw xerosis, 

35 Micrococcus lureus, Mycobacterium pblei, Propioni bacterium &eundenvicliii, Staphylococcus aureus, 

Streptococcus pyogenes, Lactobacillus acidophilus, Cytophaga psychrophila, Enterobacter aerogenes, 

Escherichia coli, Flavobacterium meningosepticum, Klebsiella pneumonia, Neisseria sub/lava, Pseudomonas 

aeruginosa, Rhizobium trifolii. Salmonella oranienburg, Shigella sonnei, Vibrio parabaemolyticus ox 

12 



BNSDOCID: <W0 94242 13A1_I_> 



wo 94/24213 



PCTAJS94/04127 



combinations thereoO. as well as yeasi and other fungi, mycobacteria and mycoplasma. The nucleic acids 
enclosed in biological structures may be obtained from a wide variet>' of sources, including unfiltered or 
separated biological fluids (such as urine, cerebrospinal fluid, blood, lymph fluids, tissue homogenate, mucous, 
saliva, stool, or physiologicaJ secretions or other similar fluids); environmental samples such as soil, water and 
5 air; a femrieniation medium such as from a biological reactor or food fermentation process such as brewing; or 
surface washes of materials, (e.g. food) or small amounts of solids such as retentates^ scrapes, and smears; or 
liquid growth medium in which cells have been introduced for culmring. The cells are optionally discrete or 
individual colls, including microorganisms, or multiple ^ells associated uith other cells in two or three 
dimensional layers, including multicellular organisms, embryos, tissues, biopsies, filaments, biofllms, etc. The 
nucleic acid may be endogenous or introduced as foreign material, such as by infection or by transfvxtion. The 
cells may be viable or dead cells or a mixture thereof The nearly universal permeabilit>' of the instant dyes, 
their accelerated rate of uptake and the low toxicitv' of the dyes to living s>'stems enable the examination of 
nucleic acids in living samples with little or no perturbation caused by the dye itself. The dyes can also be 
used for staining nucleic acids in a cell or cells fixed and treated with routine histochemical or cytochemical 
procedures. 

Alternatively, the nucleic acid, in any of the forms described previously, is not enclosed within a 
biological structure, but is present as a sample solution. The sample solution can vary from one of purified 
oligonucleotides or nucleic acids to crude mixtures such as cell extracts, biological fluids and environmental 
samples from the sources listed above. In some cases it is desirable to separate the nucleic acids from a 
mixiure of biomolecules or fluids in the solution prior to combination with the dye. Numerous techniques exist 
for separation and purification of nucleic acids from generally crude mixtures with other proteins or other 
biological molecules. These include such means as electrophoretic techniques and chromatographic 
techniques using a variety of supports. When used for poststaining electrophoresis gels, the high sensitivity of 
the dyes of the riresent invention allow the detection of previously unmeasureable amounts of nucleic acids 
without requiring destaining. One embodiment of the invention, when used in conjunction with an ultraviolet 
transilluminator, allows detection of as little as 20 picograms of double-stranded DNA per band. 

The sample may be combined with the staining solution by any means that facilitates contact between 

the dye and the nucleic acid. The contact can occur through simple mixing, as in the case where the sample is 

a solution. The dye may be added to the nucleic acid solution directly or may contact the solution on an inert 

matrix such as a blot or gel, a testing strip, or any other solid or semi-solid surface, for example where only a 

simple and visible demonstration of the presence of nucleic acids is desired. Any inen matrix used to separate 

the sample can be used to detect the presence of nucleic acids by observing the fluorescent response on the 

inert matrix. While the subject dyes have shown an ability to permeate cellular membranes rapidly and 

completely upon addition of the dye solution, any other technique that is suitable for transporting the dye 

across cell membranes with minimal disruption of the viability of the cell and integrity of cell membranes is 

also a valid method of combining the sample with the subject dye. Examples of suitable processes include 

13 
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action of chemical agents such as detergents, enz>Tnes or adenosine triphosphate; receptor- or transport 
protein-mediated uptake; pore-forming proteins: microinjection; electroporation; hypoosmotic shock; or 
minima] physical disruption such as scrape loading or bombardment uith solid panicles coated with or in the 
4 presence of the dyes. 



i 
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The sample is incubated in the presence of the dye for a time sufficient to form the fluorescent nucleic 
acid-dye complex. Detectable fluorescence in a solution of nucleic acids is essentially instantaneous. 
DT^ectable fluor'jscence within cell membranes requires the permeation of the dye into the cell. Preferably, the 
dye is added at a temperature optimal for normal activit>' of the cells within the operating parameters of the 
dyes (between about 5 ''C and about 50 °C); t>pically this is room temperature (23 °C). At temperatures 
between j-45 visibly detectable fluorescence is obtained within about 15-20 minutes of combination with 
the sample, commonly within about 5 minutes. Preferred embodiments give detectable fluorescence inside 
cells in less than about 2 minutes. Lymphoc\ies loaded with 5 dye solutions give a fluorescent response in 
less than 5 seconds, too fast to measure by conventional fluoromein-. This property is useful for observing 
15 nuclear structure and rearrangement, for example such as occurs during mitosis or apoptosis. While 

permeation and fluorescence is rapid for all embodiments, optimal permeation of the dye or formation of the 
nucleic acid complex is dependent upon the physical and chemical nature of the individual sample and the 
sample medium, and can be determined according to standard procedures such as described in Example 17. 

20 The subject dyes bind non-covalently with nucleic acids to yield enhanced fluorescence, the level of 

enhancement being generally about 100-1000 fold, typically greater than about 300-fold (Table 2). These dyes 
generally exhibit improved quantum yields upon binding to nucleic acids, relative to Thiazole Orange, which 
translate directly into improved sensitivity in nucleic acid detection. While not every dye shows an improved 
quantum yield, other attributes of the subject dyes represent significant improvement, including enhanced 

25 permeation, enhanced rate of permeation, and/or the selectivity of excitation and emission bands to suit 
specific instrumentation. 

To facilitate the detection of the nucleic acid-dye complex, the excitation or emission properties of the 
fluorescent complex are utilized. For example, the sample is excited by a light source capable of producing 

30 Iight_ai or near the wavelength of maximum absorption of the fluorescent complex, such as an ultraviolet or 
visible lamp, an arc lamp, a laser, or even sunlight. Preferably the fluorescent complex is excited at a 
wavelength equal to or greater than about 300 nm, more preferably equal to or greater than about 340 nm. 
The equipment commonly available for excitation of samples near 254 nm. between 300 and 310 nm, and near 
365 nm can be used to excite any of the dyes of the present invention. Excitation by a source more appropriate 

35 to the maximum absorption band of the nucleic acid-dye complex, such as the 488 nm band of the argon laser, 
results in even higher sensitivitv'. Some examples permit excitation beyond 600 nm. 
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The fluorescence of the complex is delected qualitatively or quantitatively by detection of the resultant 
light emission at a wavelength of greater than about 400 nm, preferably greater than about 480 nm, more 
preferably at greater than about 500 nm. The emission is delected by means thai include visible inspection, 
^ photographic film, or the use of current instrumentation such as fluorometers, quantum counters, plate readers, 

^ 5 epifluorescence microscopes, and flow cytometers, or by means for amplifying the signal such as a 

photomultiplier. The nucleic acid concentration in a sample can also be quantified, as the fluorescence of the 
:J nucleic acid-dye complex is linearly dependent on concentration (Examples 22-23). 



-4 



The wavelengths of the excitation and emission bands of the dyes varv^ with dye composition to 
10 encompass a wide range of illumination and detection bands (e.g. Table 3). This allows the selection of 

indi\idual dyes for use with a specific excitation source or detection filter. In particular, dyes can be selected 
that match their excitation band with the commonly used argon laser, or emission bands that match 
preexisting filters such as a typical fluorescein long-pass set or multi-band set with fluorescein excitation and 
emission bands. 

15 

In addition, the dye can be selected to give a detection response that is diflereni from that of other 
dyes desired to be used in combination with the subject dyes. Preferably the additional dye or dyes are 
fluorescent, for which the response to illumination that is detectably different from that of the subject cyclic- 
substituted unsymmetrical cyanine dyes. Any fluorescence detection system can be used to detect the 
20 difference in spectral characteristics between dyes. Preferably the dyes have the same or overlapping 

excitation spectra, but possess visibly different emission spectra, generally having emission maxima separated 
by >10 nm, preferably >20 nm, more preferably >50 nm. 



The ad iitional dyes are optionally used to differentiate cells or cell-free samples containing nucleic 
25 acids according to size, shape, metabolic state, physiological condition, genotype, or other biological 

parameters or combinations thereof. In one aspect of the invention, the additional dye or dyes are metabolized 
intracellularly to give a fluorescent product inside certain cells but not inside other cells, so that the fluorescent 
response of the cyclic-substituted unsymmetrical cyanine dye predominates only where such metabolic process 
is not taking place. Alternatively, the additional dye or dyes are specific for some external component of the 
30 cell such as cell surface proteins or receptors. In yet another aspect of the invention, the additional dye or dyes 
actively or passively cross the cell membrane and are used to indicate the integrity or functioning of the cell 
membrane. 



The additional dyes are added to the sample being analyzed to be present in an effective amount, with 

35 the optimal concentration of dye determined according to the cell density as above. Typically the 

concentration of each dye is between about 0.01 ^M and about 100 |iM, more t>'pically between 0.1 ^M and 10 

^M. Each dye is optionally prepared in a separate solution or combined in one solution. Generally the dyes 

are present in the staining solution within about a five-fold molar range, but the molar ratio one to the other in 

15 
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the sample can vary from about 1:1 to about 1:100, and may vary depending on whether the dyes are added to 
the sample simultaneously or sequentially. After illumination of the dyed cells at a suitable wavelength, as 
above, the cells are anal>'zed according to their fluorescent response to the illumination. In addition, the 

^ differential fluorescent response can be used as a basis for sorting the cells or nucleic acids for further anal>sis 

5 or experimentation. For example, all cells that "survive" a certain procedure are sorted, or all cells of a certain 
type in a sample are sorted. The cells can be sorted manually or using an automated technique such as flow 

^ cytometry according to the procedures known in the art such as in U.S. patent 4,665,024 to Mansour, et al, 

I (1987). 

10 In one embodiment of the invention, the subject dves are used in combination with a second 

fluorescent dye (Dye II) to distinguish viable cells from dead cells, where Dye II is selective either for viable or 
^ for dead cells. In one aspect of the invention. Dye II gives a detectable fluorescent response only in viable 

cells, such as fluorescent enzyme substrates and reagents described in Haugland, HANDBCX)K OF 
FLUORESCENT PROBES AND RF^c: adph CHEMICALS (1992-94) to selectively stain viable cells, 

15 including haJoalkyi esterase substrates and calcein AM. Alternatively, Dye II gives a detectable fluorescent 
response only in dead cells, such as an impermeant dye that only becomes fluorescent upon passing through 
the cell membrane to bind to some intracellular component, such as an intracellular protein or nucleic acid, 
1^ While there is not an exact equivalence between an intact cell membrane and the term "viability" (techiucally 

defined as the ability of a cell to maintain its existence), it is common to refer to cells where the cell membrane 

20 has been irreversibly disrupted as "dead" cells or "non-viable" cells. Suitable dyes include impermeant 
phenanthridium or benzazolium derivatives, including monomers or dimers thereof, such as ethidium 
homodimer, ethidium bromide, propidium iodide, TOTO, BOBO, POPO, YOYO, TO-PRO, BO-PRO, PO- 
PRO and YO-PRO (Molecular Probes) that give an enhanced fluorescence when complexed to intracellular 
nucleic acids. Loading times for impermeant Dye II dyes such as phenanthridium or benzazolium dyes, is 

25 generally the same as previously discussed above. Cell permeant Dye II dyes selective for viable cells 
generally require longer loading times, paniculariy if such dyes require intracellular activity to generate 
fluorescence. 

In cells for which Dve II is selective, both dves are present because the subject dves stain all cells, 
30 including those for which Dye II is selective. In the cells for which Dye II is selective (and both dyes are 

present) the intracellular fluorescent response of Dye II is optionally the same as the fluorescent response of 
> Dye II alone (e.g. where Dye II effectively competes for nucleic acid binding relative to the subject dye) or is a 

response indicative of the presence of both dyes (as is the case where the competitive binding is less effective 
or where Dye II is not a nucleic acid stain). The fluorescent response of the subject dye alone is indicative of 
35 cells for which Dye II is not selective, either viable or non-\iable cells as the case may be. The cells for which 
D>'e II is selective are optionally sorted or counted, as above. 
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In another embodiment of the invention, the sample is combined with multiple fluorescent dyes to 
determine identification, and optionally viabilit>\ The additional fluorescent dye(s) binds selectively to cell 
surface components or is selectively permeant to certain cell types, and can be used in combination with Dye II 
*^ to also indicate viabilit)'. The surface label tlial only stains externally is distinguishable from the dyes that 

5 i.tain intracellularly. Whan a surface dye is used in combination with one or more intracellular stains such as 
nucleic acid stains, a "bullseye" pattern of staining is seen -- i.e. a brightly stained interior within an exterior 
^ ringstain. Preferably, the surface label also has an emission spectrum that is deiectably different from that of 

the other dyes used. Preferably the excitation spectrum of each dye or dye-nucleic acid complex overlaps the 
excitation spectrum of the other dye(s). More preferably, each dye complexed with nucleic acids has an 
10 excitation maximum between about 480 nm and 51C nm. xVost preferably, each dye or dye-complex also 
excites in the UV between about 300 nm and 365 nm. 

In one aspect of the invention, the appearance of the stained bacteria indicates the Gram reaction of 
the bacteria in the sample, and optionally whether or not the or G' bacteria present in the sample are 
15 viable. Gram positive (G"*") bacteria are those that give a positive Gram stain, including but not limited to 
Bacillus, Lactobacillus, Micrococcus, Streptococcus, Clostridium, Staphylococcus, and Mycobacterium, 
^ among others. Gram negative (G") bacteria are those that are negative for the Gram stain, including but not 

limited to Escherichia, Enterobacter, Sa/monel/a, Pseudomonas, Shigella, Klebsiella, Haemophilus, Neisseria, 
Proteus, Vibrio, Campylobacter, and Yersinia, among others. 

20 

Preferably a c>'clic-substituted unsymmetrical alanine dye that (in combination with intracellular 
nucleic acids) gives a green or yellow-green fluorescence is used in combination with one or more of the 
following dyes: a) a C^-Cg alkyl substituted phenanthridium nucleic acid stain (preferably hexidium or Cg- 
substituted phenanthridium, Watkins, J.CHEM. SOC. 3059 (1952)) that selectively stains live G"^ bacteria and 

25 all dead bacteria with an orange red fluorescent signal that partially or completely replaces the signal of the 
cyclic-substituted unsymmetrical cyanine dye; and/or b) a protein that is covalently boimd to a fluorophore 
with a fluorescent response different from that of the phenanthridium dye in a) and from that of the cyclic- 
substituted uns>Tnmetrical cyanine dye, preferably a lectin such as wheat germ agglutinin labeled with AMCA 
or Cascade Blue dve (Molecular Probes) that is selective for the cell surface of G"*" bacteria, live or dead; and 

30 optionally c) a memorane impermeant benzazolium nucleic acid stain according to Dye II above, that has a 
fluorescent response different from that of the other dyes used, preferably dyes sold under the names TOTO, 
•I YOYO, BOBO, POPO, TO-PRO, YO-PRO, BO-PRO, PO-PRO (Molecular Probes). 

Table 5 summarizes the spectral response, where the cyclic-substituted uns>Tnmetricai c>'anine dye (I) 
35 has an emission maximum between 500 nm and 535 nm (e.g. dye 624); the phenanthridium dye (II) has an 
emission maximum between 580 nm and 650 nm (e.g. hexidium) ; the membrane impermeant benzazolium 
(III) nucleic acid complex has an emission maximum between 530 nm and 590 nm (e.g. TOTO, YOYO, TO- 
PRO or YO-PRO); and the labeled protein (IV) has an emission maximum between 410 nm and 480 nm (e.g. 
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AMCA- or Cascade Blue-labeled wheat germ agglutinin). Careful matching of other fluorescent stains with 
equivalent selective permeability, excitation/emission spectra, and preferential binding affinity for nucleic 
acids allows substitution of the preferred combination of nucleic acid stains to discriminate between many 
different organisms, whether live or dead. 

5 Table 5 
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1, 11, III, IV 


0 with B 


G 


Y WithB 


Y 


Color Key: G = True-green Y = Yellow-green O = Orange B = Blue Halo — = Unstained 



The examples below are given so as to illustrate the practice of this invention. They are not intended 
to limit or dcfme the entire scope of this invention. In the structural formulae below, the substituent phenyl is 
10 represented by the symbol 0, as is generally used and understood in the art. 

Example I: Preparation of I.2-dihvdro-4-methvl-l-phenvi-2-Quinolone (1) 
The following compound is prepared: 




0 



The synthetic precursor (1) is prepared either by an Ullmann coupling according to a literature procedure 
(Wawzonek, et al., supra .) or via the reaction of the corresponding diar>'lamine with dikeiene followed by acid 
cyclization ( Elderfield, supra) . Thus 10.0 g (62.9 mmoles) of 2-hydroxy-4-methylquinoline is heated at reflux 
20 with 24.0 g (377 mmoles) of copper powder. 8.68 g (62.9 mmoles) of potassium carbonate and 19.2 g (94 
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mmoles) of iodobenzene for 48 hours. The reaction is cooled to room temperature, partitioned bem'een water 
and ethyl acetate, filtered, and the organic layer is dried over magnesium sulfate. The crude product is 
purified on a silica gei column, eluling with 1:1 ethyl acetate/hexanes to yield 8.1 g of the desired product. 



5 Example 2: Preoaraiion of L2-dihvdrG-4-methvM -phenyl -2-pvridone (2) 
The following compound is prepared: 




10 Synthetic precursor 2 is prepared as in Example I with a 40% yield, except that the starting material is 1,2- 
dihydro-4-meihyl-2-pyridone. 



Examples: Preparation of 1.2*dihvdro-L4-<iimethvl-2*Quinolone (3) 
The following compound is prepared: 

15 




S>Tithetic precursor 3 is prepared by first conjugating N-meihylaniline with diketene, followed by an acid 
cyclizaiion of the amide intermediate. Thus 10.0 g (0.12 moles) of diketene is added dropwise to 10.7 g (0.1 
moles) of N-methylaniline and the reaction is heated at 100 °C for an additional 30 minutes. To the resulting 
mixture is added 30 m^ -^f acetic acid and 30 mL of sulfuric acid, and the mixture is heated at 50 °C 
overnight. The reaction is worked up with water and ethyl acetate and purified on a silica gel column to yield 
9.5 g of the desired product. 



If the synthesis is performed using N-methyl-2-phenylaniline (generated by methylaiion of 2-phenylaniIine 
using JCCOj and CH3I) the resulting product is 1.2-dihydro-i,4-dimeihyl-8-phenyl-2-quinolone. 

Example 4: Preparation of 1.2-dihvdro-7-methoxv-4-methvl-l-phenvl-2-ciuinolo ne 
The following compound is prepared: 

19 



<W0 94242 1 3A 1 _l_> 



wo 94/24213 



^ ^ " PCTAJS94/04127 




N-(3-hydroxyphenyI)-N-phen>iamine is O-methylated with pciassium carbonate and methyl icxiide in acetone 
5 in 39% yield. The resulting N-CB-methoxyphenyO-N-phenylamine is then reacted with diketene to generate 
the corresponding acetoacetamide which, without purification, is cvclized in acetic acid/sulfuric acid as in 
Example 3 to generate the desired quinolone in 41% yield. 

Example 5: Preparation of 2<hloro-4-methv'i-l-phenvlquinolinium chloride (4) 
10 The following compound is prepared: 




To 2.8 g (11.9 mmoles) of 1 in 20 mL of methylene chloride is added 1.85 g of POCI3 and a catalytic amount 
15 of dimeihylformamide (Marson, TETRAHEDRON., 48, 3659 (1992)). The resulting mixture is heated to 
reflux for 24 hours. After cooling, the product is purified using column chromatography. 

The corresponding bromide is prepared using ?Bt^ rather than POCI3. 

20 The corresponding fluoride is prepared using diethylaminosuifur irifluoride, rather than POCI3. 

Example 6: Preparation of 2-chioro-4-[2.3'dihvdro-3-methv^(benzo^L3'thia2ol-2-vl)-methviidenel-l- 
phenvlquinolinium iodide (dve 591) 
The following compound is prepared: 

25 
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CI 



i-0 



A room ttmperaiure solution of 4 (1 1.9 mmoles) 'S prepared, and 3.5 g (9.6 mmoles) of N-methvi-2- 
methylthiobenzolhiazolium losylate (5) (Rye, et al., hOJCLEIC ACfDS RES., 20, 2803 (1992)) is added 
5 followed by 1.3 mL (9.4 mmoles) of triethylamine. The mixture is stirred for an additional 6 hours. The crude 
product is purfied on silica gel using ethyl acetate;chiorofjrTn:methanol, 3:3: 1 as eluant. The product is then 
recry'Stallized from methanol/chloroform/eih\ 1 acetate. 

The corresponding bromide (Dye 77 ^; \z prepared analogously using 2-bromo-4-melhyi-l -phenyl qui noliiiium 
10 bromide in place of 4. 

The corresponding fluoride (Dye 834) is prepared analogously using 2-fluoro-4-methyI-l-phenyIquinoIinium 
fluoride in place of 4. 

15 The methoxyquinolinium analog (Dye 5103) is prepared in the same way, except using l,2-dihydro-7- 
methoxy-3 -methyl- l-phenyl-2-quinoIone. 

The pyridinium analog (Dye 678) is prepared in the same way, except using the pyridinium analog of 4. 

20 The trimethine dye analog (Dye 823) is prepared similarly, except using 2-(2-anilinovinyl)-3- 
methylbenzothiazolium tosyiate in place of 5. 

An additional synthetic route to Dye 591 utilizes 4-[2.3-dihydro-3-methyI-(benzo-l,3-thiazol-2-yl)- 
melhylidene)-l,2-dihydro-l-phenyl-2-quinolone (6). which in turn is prepared from 1 and 5. Thus the lithium 
25 enolate of 1 ( prepared from treating the quinolone with 2.7 equivalent of lithium diisopropyl amide) or the 
silyl enolate of 1 (from (1) and irimelhylsilyl trifluoromethanesulfonate and diisopropylethylamine) is stirred 
with 5. The desired intermediate (4) is isolated by column chromatography. The quinolone (6) is then treated 
with POCI3 to generate Dye 591. 

30 Example 7: Preparation of 2-diethviamino-4-[2.3-dihvdro-3-methvl-(ben2o-1.3-thiazol-2-vh-methvlidene1-l- 
phenvlquinolinium iodide (Dve 619) 
The following compound is prepared: 
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Dye 619 is prepared by heating Dye 591 (26 mg) at 55 °C with 0.5 mL of diethylamine in 1.5 mL of DMF 
overnight. The desired product is isolated by a simple filtration. 

Dye 752 is prepared similarly, except using morpholine in place of diethylamine in DMF at 50 ^C. 
Dye 856 is prepared similarly, except using N-methylpiperazine in place of diethylamine. 



5 



10 Dye 130 is prepared similarly, except using aniline in place of diethylamine. 



15 



2-(NO-dimelhylaminopropyl)-N-propylanuno-4-(2,3KlihydroO-methyl-(benzo-l,3-thia2ol-2-yl)-methylidene] 
1-phenylquinolinium ioide (Dye 1037] 
propylamine in place of diethylamine. 



4 

\, 1-phenylquinolinium ioide (Dye 1037) is prepared similarly, except using N-(3-<limethylaminopropyl)-N 



Example 8: Preparation of 4-f2.3-dihvdro-4-methvl-rben2o-l,3-thiazol-2-vl)-methvlidene]-l-phenvl-2-(2- 
Pvridvlthio)-quinolinium iodide (dve 853) 
The following compound is prepared: 




20 

2-Mercaptopyridine (6.3 mg) is added to 25 mg of Dye 591 in 2 mL of methylene chloride, followed by 13 jxL 
of triethylamine, and the resulting mixture is stirred at room temperature for 1.5 hours. The volume of solvent 
is reduced to about 0.5 mL under reduced pressure and the product is isolated by filtration. 

25 2-(2-Dimethylaminoethylthio)-4-[2,3-dihydro-3-methyl-(benzo-l,3-thiazol-2-yl)-methylidene]-l- 

phenylquinolinium iodide (D>'e 1004) is prepared analogously, using D>'e 633 in place of D>'e 591, and 2- 
dimelhylaminoethanethiol in place of 2-mercaptopyridine. 
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Example 9: Preparation of 2<hlo^o-4*f2J-dihvdro-3'methv^-rben2o-1.3-thiazol-2-v^-methvlidene]'l- 
c^vclohc\TiQui^o^inium tosvlate rPve 780 (CD) 
The foil QUI ng compound is prepared: 



l-Cyclohexyl-1.2-dihydro-4-methyl-2-quinolone is prepared using N-aclohevylaniline as starling material 
The quinolone (0.482 g, 2 mmol) is transformed to the 2-chloro-l-cyclohe\ylquinoiinium chloride uith a 
procedure similar to Example 5, and is then reacted with 5 (0.74 g, 2 mmol) and iriethyiamine (0.28 mL, 2 
mmol) to >ield the product. 

Example 10: Preparation of 2-methoxv-4-f2.3-dihvdro-3-methvl-(benzo-L3-thiazol-2-v^-methvlidene^^ 
phenvla^inolinium iodide (dve 628) 
The following compound is prepared: 



Dye 591 (4.3 mmoies) and methanol (10 mL) are heated to reflux for 2 hours. The methanol is removed under 
reduced pressure, and 10 mL of methylene chloride is added, followed by 1.56 g (4.3 mmoies) of 5 and 1.5 mL 
of trieihylamine. The resulting mixture is stirred at room temperature for 3 days. The crude material is 
purified on a silica gel column by eluting with 5:5:1 ethyl acetate: chloroform: methanol. 

The corresponding ethoxide (Dye 715) is prepared analogously, using ethanol rather than methanol. 

Example 11: Preparation of 2-but\'l-4-[2.3-dihvdro'3-methvl-(benzO'1.3-thiazol-2-vn-methvlidenel-l- 
phenyiquinotinium iodide fdve 61) 
The following compound is prepared: 





23 



BNSOOCtD: <WO 942421 3A1J„> 



wo 94/24213 



PCTrtJS94/04127 




!-0 



To 0.235 g (1 mmole) of 1 in 10 mL of THF ai -78 °C under nitrogen, 1.2 equivalents of n-but>i lithium is 
introduced. The reaction is stirred at -78 °C for 15 minutes, and then the temperature is raised to 0-*C for 
5 another 30 minutes, then the reaction is quenched with acetic acid and the solvent is evaporated. The residue 
is dissolved in 5 mL of methylene chloride and 0.367 (1 mmole) of 5 is added followed by 0.28 mL (2 mmoles) 
of triethylamine. The reaction mixture is stirred for 20 minutes at room temperature and the crude product is 
isolated as the iodide salt after a salt exchange. The crude iodide is recrysiallized from methanol. 

10 Dye 624 is prepared similarly, except that 3-methyl-2-melhylthiobenzoxazolium tosylate (7) (Rye, et al., sup/a) 
is used instead of 5 in the synthesis. 

Dye 6104 is prepared similarly, except that cyclohe\7l magnesium bromide is used instead of butyl lithium. 

15 The corresponding trimethine dye (Dye 621) is prepared similarly, except that 2-{2-anilinovinyl)-3- 
methylbenzothiazolium tos>'late is used in place of 5. 

The corresponding pentamethine dye (Dye 100) is prepared similarly, except that 2-(4-anilino)-l,3- 
butadienyO-benzothiazolium iodide is used in place of 5. 2-(4-AniIino)-l,3-butadienyl)-benzothia2olium 
20 iodide is prepared using methods known in the art (U.S. Patent No. 2,269,234 to Sprague (1942); and 

HOUBEN-WEYL METHODON DER ORGANISCHEN CHEMIE, Band V/ld, 231-299 (1972 )) from 1,3- 
dimethylbenzothiazolium iodide and I-anilino-3-phenylimino-l-propene hydrochloride. 

Example 12: Preparation of 4-f(2.3-dihvdrO'j-methvl-(ben2o-1.3-thiazol-2-vlVmethvlideneM- 
25 phenvlpvridinium iodide (dve 640) 
The following compound is prepared: 




I CH 
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To 0,37 g (2 mmoles) of 1.2-dihydro-l-phenyl-2-pyridone in 10 mL of methylene chloride at 0 °C is added 2.2 
mL of 1.0 M DEBAL (in cyclohexane) and the resulting mixture is stirred at a low temperature for 2 hours. 
Acetic acid (0.3 mL) is added, and the volatile components are evaporated. The residue is dried, then is 
5 redissolved in 15 mL of methylene chloride. 0.74 g (2 mmoles) of 5 is added followed by 0.28 mL (2 mmoles) 
of Iriethyiamine. The reaction mixture is stirred at room temperature for 3 hours and the crude product is 
loaded on a silica gel column and eluted with 3:3:1 ethyl acetate/chloroform/methanol. The fractions 
% containing the product are pooled and evaporated, redissolved in 5 mL of DMF and added to 5 g of sodium 

iodide in 75 mL of water. The precipitate is filtered and recrystallized from methanol. 

If 1.2-dihydro-L4-dimethyI-8-phenyl-2-quinolone is used in place of the pyridone. the reaction produces Dye 

72. 

Example 13: Preparation of 4-1(2. 3-dihvdrO'3-methvl-(benzo-1.3-thiazol-2-vl>'methvlidene]'l- 
15 cvclohexvlouinolinium iodide (dve 73) 
The following compound is prepared: 




20 A mixture of 1.43 g (10 mmoles) of lepidine and 2. 1 g (10 mmoles) of cyciohexyl iodide is healed at 

130**C for 2 hours. Ethyl acetate (20 mL) is added and 1 .36 g of solid is obtained after filtration. The solid is 
stirred in 50 mL of methylene chloride with 1.4 1 g of 5 and 1. 12 mL of triethylamine for several hours. The 
crude product is converted to the iodide salt and recrystallized from methanol to yield the pure product. 

25 Example 14: Preparation of 2-f(2.3-dihvdrQ-3-methvl-(benzo-L3'thiazol-2-vl)-methvlidenel-l' 
phenvlquinolinium iodide (dve 64) 
The following compound is prepared: 
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The intermediate N-phenyN2-chloroquinolinium chloride is prepared according to Marson (TETRAHEDRON, 
48, 3659 (1992)). Thus 1.06 g (5 mmoles) of N,N-diphenyIacetamide is heated with 1.69 g (11 mmoles) of 
POCI3 and 0.44 g (6 mmoles) of DMF at 120 ''C for 2 hours. The reaction mixture is cooled to room 
5 temperature and 15 inL of metnylene chloride is added to dissolve the residue. To the solution is added 1.68 g 
(5 mmoles) of 2,3-dimethylbv:n20thiazolium losyiate and 1.46 g (12 mmoles) of 4-dimethylanunopyridine, and 
the reaction is stirred overnight (Elderfield, supra) . The crude product is ftrsl purified on a silica gel column 
eluting with 2:2:1 ethyl acetate/chioroform/methaiiol and then meiathcsized to the iodide salt and 
recrystallized from methanol to obtain the pure product. 

10 

Example 15: Preparation of 4-f2.3-dihvdro-4-methvl-(benzo-1.3-thia2ol-2-vl)-methvlidene] 
-l-phenvl-2-trif1uoromethanesulfonvlo\'vquinolinium iodide (dve 854) 
The following compound is prepared: 




15 



Trifluoromeihanesulfonic acid anhydride (66 ^L) is added to 0. 1 g of 6 in 5 mL of 1,2-dichloroethane, and the 
solution is heated at 80 for 3 hours. The reaction is worked up with water and chloroform, and the 
resulting product is purified by chromatography on silica gel. 

20 

Example 16: Optimization of Dve Loading 

Cell density is determined by counting or by the following extrapolation. A cell culture is washed by 
centrifugation and resuspended in water to its original volume. Using flat-bottom 96-well microtiter plates, 
150 |xL volumes of suspension are loaded per well. A single well of sterile water is the well background 

25 standard. Using a Dynaiech MR600 micropiaie reader equipped uith a 410 nm filter, absorbance is 

determined for the initial volumes of suspension. The suspension is diluted seven times by serial ten-fold 
dilutions in water. 150 jiL of suspension per well, and the absorbance measured for each dilution. Following 
the absorbance measurements, each dilution loaded into wells is further diluted 1:10 and plated in duplicate on 
nutrient growth agar. The colonies are counted and expressed as colony forming units per milliliter (cfii/mL). 

30 Using the turbidity of the dilution in the microtiter plate, the suspension is diluted to a densit>' of about 1x10^ 
cfii/mL. 

The cell suspension, adjusted to a known density, is diluted seven times by serial ten-fold dilutions in 
water; 150 ^L of suspension per well. Three-fold serial dilutions of dye are used (30-0.04 ^M); 50 pL of dye 
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at 4x final concentration. Using 96-weII flai-bottom plates, a matrix is set up whereby the cell concentration 
decreases across the plate and the dye concentration decreases down the plate, final volume per well is 200 fjL. 
The top row and first column are reserved for the control, sterile water. The plate is incubated at 37 for 30 
minutes, then read in a C>toFluor'^^* 2350 fluorescence microplate reader at a fixed excitation of 485 +/-10 nm 
5 and each of three emission wavelengths, 530 +/-12, 620 +/-20, or 645 +/-20 nm. The results determine the 
best dye range (30-1 fiM) and the best cell concentrations (concentrated through first three ten-fold dilutions) 
for optimal dye loading. These results lead to the next staining optimization assay. Using the four dye 
dilutions and the four cell dilutions, many cultures and dyes can be assawd quickly. The data collected allow 
the determination of optimal dye and cell coriceniraiion required for maximal fluorescence intensii>' per cell. 

10 

E.vample 17: Rate of Dve Loading 

Minimum limes for dye loading are obtained as follows: Cells are grown in nutrient broth to log 
phase, washed by centrifugation, and resuspended in water to a density previously shown to allow dye loading 
to maximal fluorescence/cell. Fluorescence cuvettes containing the cell suspension are placed in a 

15 fluorescence spectrophotometer equipped with a temperature regulated cuvette holder and magnetic stirrer. 
The suspensions are brought to the appropriate temperature prior to dye addition. Millimolar dye stock 
solutions in DMSO are added at the appropriate concentrations to produce maximum attainable 
fluorescence/cell at the peak emission wavelength of each dye. Fluorescence intensity of the suspensions is 
measured at or near the peak excitation and emission wavelengths for the dye (see e.g. Table 3). Sampling of 

20 fluorescence is carried out until the fluorescence signal stabilizes. Comparison of loading times at 5 °C, 23 ° 
C, and 37 ** C shows a marked enhancement of rate of loading as the temperature increases, after equilibrating 
the suspensions at the appropriate temperatures and adding the dye as described above. 

Example 18: Staining Motile Cells 
25 A frozen suspension of goat sperm is thawed and held at 32 °C. Enough of a 10 mM dye stock 

solution (dye 628, 624, 835 or 591) is added to the sperm suspension to obtain a final concentration of 0.5 hM 
dye. The sperm are labeled by incubation in the dye solution for 10 min. Sperm cells stain with all of the 
dyes, and the order of brightness is 628 > 624 » 835 > 591. Motilit>' is retained at 0.5 mM, but is lost in some 
sperm at 5 |j.M dye. 

30 

Example 19: Staining Tissue 

A leaf o( Aucuba spp. is cross-sectioned with a razor blade and immersed in 0.5 mL of a 10 
solution of dye 624 in E-pure water in a 35 mm glass dish. The tissue is stained for 30 min at room 
temperature in the dark. The tissue preparation is mounted in the presence of dye between coverglass and • 
35 slide. The leaf epidermal layer is demarcated by a large amount of yellow autofluorescence, however both the 
vascular bundle and cell nuclei stain bright green in the dye 624-loaded cells. 

Example 20: Staining Compartmentalized Nucleic Acids 
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A 10 mM stock solution of dye 613 is added to a suspension of Infectious Hepatic Necrosis Vims in 
135 mM NaCL 5 mM KCl, 1 mM Mga2. 18 mM CaCl2. 20 mM Na-HEPES, at pH 7.4 (HBSS+) to give a 40 

dye solution. After incubation for 10 minutes at 15 the viruses are observed in an epifluorescence 
microscope using a lOOx objective lens. The virus particles (-30 x 160 nm) are below the resolution limit of 
5 the microscope using visible light. Incorporation of d>e 613 into the viral UNA results in a sufficient 

concentration of the dye in the particle to render it \isible as a bright point of green light when observed using 
a standard fluorescein long-pass filter set. 

i 

Example 21: Staining Oreanellar Nucleic Acids 
10 3T3 mouse fibroblast cells are grown on covei slips in calf serum-supplemented Dulbecco*s Modified 

Eagle medium. Coverslips of cells are washed using HBSS+, then incubated for 30 min at room temperature 
in solutions of dve 835 with final concentrations of either 2 ^M or 0.2 i^M prepared in HBSS+. Cells are then 
washed in HBSS+ and viewed by epifluorescence microscopy using a long-pass fluorescein filter set. After 30 
minutes all of the cells are stained green in both the nucleus and cytoplasm, although to different intensities, 
15 when viewed through the long-pass fluorescein filter. Cells loaded with 0.2 dye show distinct 

mitochondrial staining whereas cytoplasmic fluorescence appears to be less punctate in cells incubated with 2 
^ |iM dye. Nuclear staining is fairly uniform and is not concentrated in the nucleolar regions. Cell viability, as 

<g determined using an ethidium homodimer counterstain, is maintained throughout. 

20 Example 22: Staining Cell-free Nucleic Acids 

To quantify the amount of DNA or RNA in solution, dye 61 is prepared as 10 mM stock solution in 
DMSO, then diluted to 2 ^M in TNE buffer (2 M NaCK 10 mM Tris. 1 mM EDTA, adjusted to pH 7.4). Calf 
th>Tnus DNA or yeast ribosomal RNA solutions between 1-40 ^g/mL are prepared in TNE buffer and mixed 
1:1 with diluted dye. Fluorescence of 100 mL samples is measured in a CytoFluor fluorescence microplate 

25 reader. A linear increase in fluorescence is obtained with increasing DNA or RNA concentration. 

Example 23: Quantitative Analysis Using a Fluorometer 

The density of a suspension ofEco/iis indicated by adding enough cells to cuvettes containing 
30 mM dye 624 to effect final densities of 10-^ -10^ bactcria/mL and incubating for 5 minutes. The suspensions 
30 are excited at 480 nm a^d the fluorescence emission spectra of the suspensions are measured in a fluorometer. 
The green fluorescence of the bacterial suspensions increases with decade changes in bacterial cell densit>'. 



Example 24: Viabilirv Analysis Using Visual Observation 
35 Peripheral blood lymphocytes are isolated from whole goat blood using the standard ficoll densit>' 

gradient protocol. The cells are incubated in saline buffer with coverslips coated with a cell adhesive. After 
attachment to the coverslip. the cells are incubated v\iih either 
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a) 1 ^M dye 637 for 30 minutes followed by washing, and subsequently incubating with 1 ^M calcein AM for 
30 minutes, or 

b) as above but labeling first with calcein AM. and subsequently staining wiih dye 637. 

After washing with saline, the stained cells are viewed through a long-pass fluorescein filter to view calcein 
fluorescence and a long-pass Texas Red® filter to view the emission of dye 637. The majority of cells are 
visible using both the red and green filters. Cells that are dead, however, are stained only with dye 637 and do 
not exhibit green fluorescence, regardless of order of staining. 

Example 25: Viabilit\' Analysis Using Flow Cviometrv; 

Cultures of either £ colioi Staph, aureus avQ grouTi to late log phase in 30 mL of nutrient broth. A 
25 mL suspension of the culture is concentrated by centrifugation at lO.OC O rpm for 10-15 minutes. The 
supemate is discarded and the pellet is resuspended by triturating in 2 mL sterile, filtered water. Two 30-40 
mL centrifuge tubes arc prepared containing, respectively, 20 mL sterile water (for the live bacteria standard) 
and 20 mL 70% isopropyl alcohol (for the dead bacteria standard). To each of the centrifuge tubes is added 1 
mL of the resuspended bacterial sample. Both tubes are then incubated at room temperature for 1 hour, 
mixing every 15 minutes. Both samples are then centrifuged as above and washed. The pellets are then 
resuspended in separate tubes using 10 mL of sterile water in each tube. The optical density of each 
suspension is then determined at 670 nm. The optical density of the suspensions is then adjusted to 1 x 10^ 
bacteria/mL (0.03 ODg^^) for £*. coh or 1 x 10^ bacteria/mL (0.149 OD^jq) for Staph, aureus. The 1 x 10' 
bacteria/mL (0.03 OD^^q) suspensions are then diluted 1; 100 in sterile water to give a final bacterial density of 
1 X 10^ bacteria/nU. for both bacterial samples. Eleven different proportions ofR co/i arc prepared to yield 
live:dead ratios between 0 and 100% in 10% increments. The volume of each bacterial sample is 2 mL. 

A staining solution is prepared that is 1.67 mM in dye 624 and 10 mM in propidium iodide. Each of 
the 1 1 samples is stained with 6 |iL of the staining solution and mixed thoroughly. The samples are incubated 
in the dark for 15 minutes. 

The bacterial samples are analyzed using a flow c>iometer (Coulter Electronics, Hialeah, Florida) 
equipped with an argon laser (488 nm excitation), two photomuliipliers (PMT), and a 76 |am flow tip. The 
emission light path contains a 515 nm blocking filter. 590 nm dichroic filter before the Green PMT, and a 610 
nm absorbance filter before the Red PMT. The fluorescence acquisition is gated on the log integrated green 
fluorescence (LIGFL) and discriminated at the 15% level on LIGFL since both live and dead bacteria have a 
measurable green signal. The populations of bacteria are discriminated by the ratio of LIRFL to LIGFL and 
the numbers of bacteria found within these regions arc used to determine the percentage of viable organisms in 
the population. 

Example 26: ViabiliW Analysis Using a Microplaie Reader: 

Suspensions of live and dead £. coIioi Staph, aureus arc prepared as in Example 25. except that the 
Staph. auretJLs suspension is adjusted to an optical densir>' of 5 x 10^ bacteria/mL (0.074 ODg^^). and 
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incremental mixmres of live and dead bacteria are likewise prepared. Sterile filtered water serves as a reagent 
blank. 

A staining solution is prepared that is 1.67 mM in dye 624 and 10 mM in propidium iodide. To 6.6 
mL of sterile water is added 40 |iL of the staining solution, and the new solution is mixed thoroughly. 
5 Into each test well of a 96-wtIl flat-bottom microplate is pipetted 100 ^iL of tiie mixed live/dead 

bacterial suspensions. Using a new pipet lip for each row, 100 fiL of the diluted staining solution is pipetted 
into each appropriate wei! in the row. The plate is then incubated in the dark for 15 minutes. The appropriate 
i gain setting and filters are set on the specific fluorescer.ee microplate reader. The excitation filter is s^t to 485 

± 20 nm (blue) and the emission filter is set to 530 ± 25 nm (1). The fluorescence emission intensity of the 
10 entire plate is measured, and the data saved. The emission filter is set to 620 ± 40 nm (2), retaining the blue 
^ excitation. The fluorescence emission intensit>' of the entire plate is measured, and the data saved. The 

fluorescence data are analrad by subtracting the fluorescence of the reagent solution in water from the 
fluorescence of the stained cell suspensions with each filter combination and dividing the corrected 
fluorescence emission 1 by the fluorescence emission 2. The corrected ratio versus percent live bacteria 
15 suspension is plotted and used as a calibration curve for determining live/dead ratios in bacterial samples. 

^ Example 27: Cell Differentiation Using Flow Cytometry 

Blood is collected aseptically in a KsEDTA-containing tube and maintained at room temperature. 5 
of whole blood is added to 1 mL of a 30-90 nM solution of dye 628 or 591 in 135 mM NaCl, 5 mM KCl, 
20 and 20 mM Na-HEPES, at pH 7.4 (HBSS-). The suspension is incubated at room temperature for between 10 
min and 3 hr. The cells are analyzed in a flow cytometer by gating around the erythrocyte population. 
Fluorescence is excited at 488 nm and emission is measured between 520 and 550 nm. Cells with fluorescence 
above the autofluorescence of the erythroc>'te population without dye are counted as reticuloc>tes. Reticulocyte 
staining of patient blood samples is compared with staining of reticulocyte standards (Retic Chex, Streck). 
25 Dyes 591 and 628 are effective stains for reticulocytes, both by the measurement of commercial reticuloc>te 
standards and with populations of reticuloc>tes in normal blood and in blood from patients with hemolytic 
anemia. 

Example 28: Cell Differentiation Using Multiple Dyes 
sig 30 The Gram reaction and \iabilit>' of the mixed bacterial suspension of Staph, aureus (5 x lOVmL) and 

£. coli'iy X lO^/mL) in water is determined by automated fluorescence microscopy by loading the bacteria with 
I ^iM of TOTO-l dye (Molecular Probes) in combination with 5 |aM of dye 624 and 1 pM of hexidium 
bromide dye (Cg alk>l substituted phenanthridium, Watkins, J.CHEM. SOC. 3059 (1952) ). All dyes are 
prepared by dilution of 1 mM DMSO stock solutions in water. All dead bacteria appear verv* brightly 
35 fluorescent yellow-green, while live 5. aurcizy bacteria appear orange-red and live £. co// appear green. 
(Figure 1& Table 5). Cell fragments that have no associated nucleic acids are not stained. Cells that are 
stained with a 2-foId lower concentration of the same dyes are analyzed using a flow cytometer equipped with 
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a 488 nm Argon laser. The cells are soned or counted based on red/green ratio and spectral intensit>'. Three 
populations are discerned. 

Example 29: Detection of Bacterial Contamination 
5 Whole goat blood smears are prepared with 30 \aL blood diluted 50:50 uith HBSS- Blood with or 

without 5 uL of Mycobactenimi pblei {in 1% TX-lOO) per 100 of blood is used for the smears. Smears are 
-3 air dried and heat fixed at 50 for 2 hours. 15 mL of 5 dve 628 in water are added to the smears. A 

m roverslip is placed over the dye droplet and sealed. Bacteria are visible after < 30 sec. Nimierous extremely 

bright bacteria can be seen in blood to which Mycobacteria have been added. Low background fluorescence is 
10 observed in blood without Mycobacteria, aside from a few tiny bright dots, which are much smaller than 
A\ bacteria and no» nearly as bright when obsened by epifluorescence microscopy using a 40x or lOOx objective 

lens. 

It is 10 be understood that, while the foregoing invention has been described in detail by way of 
15 illustration and example, numerous modifications, substitutions, and alterations are possible uithout departing 
from the spirit and scope of the invention as described in the following claims. 



■4. 
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What is claimed is: 



1. A compound of the formula 




10 



15 



20 



wherein; 
each is H; 

is an alkyl group having 1-6 carbons; 
X is 0 or S; 
n = 0, 1 or 2; 

Z" is a biologically compatible counterion; 
Q has the formula Ql or Q2 



Y is -CR^-CR-*-; 

p and m = 0 or 1, such that p + m - 1; 




(Ql) 



(Q2) 



wherein 
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is an alk>'l group having 1-6 carbons; or is an OMEGA; 

R^, R^ R^ and R^ which may be the same or different, are independenUy H; or an alkyl group ha\ing 
5 1-6 carbons: or a halogen: or -OSO.R'^ where R'^ is allal having 1-6 carbons, or perfluoroaliai 

having 1-6 carbons, or uryi; or an OMEGA; or -OH, .0R^ -SR^ -(NR^R^) where R^ and R^ which 
can be the same or dilferent, are independently H; or alk>'l groups having 1-6 carbons; or 1-2 
alicyclic, heieroalicyclic, aromatic or heteroaror.ati: rings, containing 1-4 heteroa:oms. wherein tlie 
hetero atoms are O. N or S: or R^ and R' taken in combinaiion are -(CH2).-L-(CH2)2- where L = a 
10 single bond. -0-. -CH^-, or -NR,o-, where R'^ is H or an alk>'l group having 1-6 carbons; and i = 1-4: 

or R^ and R^ taken in combination are -(CHj)^- where v = 3 or 4. or R^ and R' form a ftised aromatic 
ring according to formula Q2; 

15 R", R'-, R*\ and R'"*, which may be the same or different, are independently H; or an alkyl group 

having 1-6 carbons; or a halogen; or an OMEGA; or -OH. -OR^ -SR^ or -(NRW); 

OMEGA is a saturated or unsaturated, substiuited or unsubstituted, cyclic substituent that has a total 
of 2-16 ring carbon atoms in 1-2 alicyclic. heteroalicyciic. aromatic, or heteroaromatic rings, 
20 containing 1-4 heieroaioms (wherein the hetero atoms are O, N or S), that is unsubstituted or 

optionally substituted one or more times, independently, by halogen, alkyl, perfluoroalkyl, amino, 
alkylamino, dialkylamino, alkoxy or carbox>'alk\i, having 1-6 carbons, and that is attached as R^ R"*, 
R^ R^ R', R**, R*% R'^ or R'" by a single bond; 

25 such that at least one ofR\ R'*, R^ R^ R^ R", R'-, R'\ and R'"* is an OMEGA, and, where more 

than one ofR\ R^ R^ R^ R\ R'*, R'-, R'^ and R'** is an OMEGA, each OMEGA is optionally the 
same or different. 

2. A compound according to Claim 1 wherein m = 1 and R^ is an OMEGA. 

30 

3. A compound according to Claim 2 wherein R"^ is H: or R** is an alk>' group having 1-6 carbons: or a 
halogen; or R-* is -OH, -0R^ -SRl -(NR^R^): or R^ is -0S02R'^: or R- is an OMEGA. 

4. A compound according to Claim 3. wherein n = 0 or 1. and OMEGA is phenyl or substituted phenyl. 

35 

5. A compound according to Claim 3, wherein R"* is halogen or -0S02R'^ 

6. A compound according to Claim 3. wherein R"^ is -SR^ or -(NRW). 
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7. A cyclic-subsiiluied uns>'nimetrical cyanine dye, comprising a first heieroc>xIic ring system that is a 
substituted benzothiazolium, benzoxazolium, benzoselenazolium. benzimidazolium, or dialkylindolinium; that 
is linked by a monomethine, trimethine, or pentamethine bridging moiety attached at the 2-position of said 
first ring system to the 2- or 4- position of a second heterocyclic ring system that is a substituted pyridinium or 
5 quinolinium, wherein one or more substitutcnts of said second ring system is an OMEGA, where OMEGA is a 
saturated or unsaturated, substituted or unsubstituted. c>'clic substituent that has a total of 2-16 ring carbon 
atoms in 1-2 alicyclic, heteroalicyclic, aromatic, or heteroaromatic rings, containing 1-4 heteroaioms (wherein 
Uie heteroatoms aie O, N or S). 

10 8. A cyanine dye as chimed in Claim 7, wherein said first heteroc>'c!ic ring s\'Stem is a substituted 

beazoihiazoUum or benzoxazolium, which first g s>'siem is substituted at its aromatic nitrogen by a lower 
alk>'l. 

9. A c>'anine dye as claimed in Claim 7 or 8, wherein said second ring system is further independently 

15 substituted by hydrogen, saturated or unsaturated lower alkyi, halogen, an ether, a thioether, a substituted or 
unsubstituted amino, an OMEGA; or a sulfonate ester. 

10. A cyanine dye as claimed in Claim 7-9, wherein said second ring system is a 4-quinolinium that is 
substituted at the ring nitrogen by an OMEGA. 

20 

11. A cyanine dye as claimed in Claim 10, wherein adjacent to OMEGA is a substituent that is hydrogen; a 
saturated or unsaturated alkyl; a halogen; an ether; a thioether; a substituted or unsubstituted amino, or a 
sulfonate ester. 

25 12. A cyanine dye as claimed in Claim 7-11, wherein OMEGA is a substituted or unsubstituted phenyl. 

13. A cyanine dye as claimed in Claim 10-12, wherein adjacent to OMEGA is a substituent that is a halogen 
or a sulfonate ester. 

30 14. A cyanine dye as claimed in Claim 10-12, wherein adjacent to OMEGA is a substituen* *^at is a thioether 
or substituted or unsubstituted amino. 

15. A fluorescent complex comprising a nucleic acid and one or more molecules of a dye compound according 
to Claims 1-14. 
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16. A method of staining nucleic acids in a sample, comprising 

a) combining a sample that contains or is thought to contain nucleic acids with a c>'clic substituted 
unsymmetrical dye compound according to Claims 1-14; 

b) incubating the sample for a time sufficient for the dye compound to combine with the nucleic acids in the 
5 sample to form a nucleic acid-dye complex that gives a delectable fluorescent signal; 

c) observing the detectable fluorescent signal of the nucleic acid-dye complex. 

17. A method according to Claim 16, of staining nucleic acids in a sample, wherein the nucleic acids are 
enclosed in a biological strucmre. 

10 

18. A method according to Claim 16, of staining nucleic acids in a sample, wherein the nucleic acids are in 
solution. 



19. A method according to Claim 16 or 18, further comprising electrophoretic separation of the nucleic acids 
15 or nucleic acid-dye complex. 

20. A method according to Claim 19, further comprising combining the dye compound of Claims 1-14 with 
the gel before or after electrophoresis. 

20 2 1. A method according to Claim 16, of staining nucleic acids in a sample, wherein the nucleic acids are 
inrmiobilized on a solid or semi-solid support. 

22. A method according to Claims 16 or 17 further comprising combining the sample with one or more 
additional dyes, singly or in combination; where a first additional dye is a fluorescent nucleic acid stain that is 

25 permeant or impermeant to cells; and a second additional dye is selectively permeant to Gram positive or 
Gram negative bacteria; where each of the additional dyes has a fluorescent response to illumination that is 
detectably different from that of the dyes. 

23. A method according to Claim 22 wherein the nucleic acid stain is impermeant to cells with intact 
30 membranes. 



24. A method according to Claim 23 wherein the impermeant nucleic acid stain is phenanthridium monomer 
or dimer derivative that is an ethidium, elhidium dimer, propidium; or is a benzazolium monomer or dimer 
derivative that is TOTO. YOYO, POPO, BOBO, TO-PRO, YO-PRO. BO-PRO, PO-PRO. 

25. A method according to Claim 22 wherein the nucleic acid stain is permeant to cells or is selectively 
permeant to Gram positive bacteria and is a C^-Cg alkvl -substituted phenanthridium, or Koechst 33258 or 
Hoechst 33342, or DAPI. 
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26. A method according to Claims 16, 17 or 22-25 fiirther comprising combining the sample with one or more 
additional dyes, singly or in combination; where a third additional dye is a fluorescent dye of a MW less than 
2000 that selectively stains a cellular structure that is not a nucleic acid or is not an enzyme substrate; where 
each of the additional dyes has a fluorescent response to illumination that is detectably different from that of 
the other dyes. 

27. A method according to Claim 26, wherein the cellular strucnire is a c^jII membrane, a protein, a vacuole, a 
mitochondrion, a Golgi apparatus, an endoplasmic reticulum, a c>ioplasm, a lysosome, or a saccharide or 
polysaccharide. 

28. A method according to Claims 16, 17 or 22-27 further comprising combining the sample with one or more 
additional dyes, singly or in combination; where a fourth additional dye is a fluorescent peptide or protein, 
where the protein is an antibody, a lectin, an avidin, streptavidin, protein A or protein G; where each of the 
additional dyes has a fluorescent response to illumination that is detectably different from that of the other 
dyes. 

29. A method according to Claims 16, 17 or 22-28; further comprising combining the sample with one or 
more additional dyes, singly or in combination; where a flflth additional dye is a fluorogenic substrate for an 
intracellular enzyme; where the fifth additional dye after action of the enzyme if detectably different from that 
of the other dyes such that each of the additional dyes has a fluorescent response to illumination that is 
detectably different from that of the other dyes. 

30. A method according to Claim 29 wherein the intracellular enz>7ne is a hydrolytic enzyme, an oxidase or a 
reductase. 

31. A method according to Claims 22-30 wherein the fluorescent response of the dyes to illumination is 
detected using a flow cytometer, a fluorometer or fluroescence plate reader, or a fluorescence microscope. 

32. A compound of the formula: 





wherein is an OMEGA; 
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B is methyl; 

R^. R'\ R'^ R'^, and R'^ are independently H or alkyl having 1-6 carbons; and 

R'* is F. CI, Br, I, or -OSO^R'^ where R'^ is alk>'I having 1-6 carbons, or perfluoroalkyi having 1-6 carbons, or 
aiyl. 

5 

32. A compound of the formula: 



10 




or of the formula: 

15 



20 




wherein R^ is an OMEGA; 
B is methyl; 

25 R^ R^ R^, R", R'^ R*^ and R'^ are independently H or alk^l having 1-6 carbons; and 

R'* is CI, Br, I, or -OSO^R'^ where R'^ is alkyl having 1-6 carbons, or perfluoroalkyi having 1-6 carbons, or 
aryl. 



<W0 94242 13A1J„: 



wo 94/24213 ^^^^ PCTAJS94/04127 

AMENDED CLAIMS 

[received by the International Bureau on 12 August 1994 (12.08.94); 
original claims 3.7,10-14,22,25,28,29,31 and 32 amended; 
remaining claims unchanged (6 pages)] 
is an alkyi group having 1-6 carbons; or is an OMEGA: 



R^ R"*, R^ and R'. which may be the same or different, are independently H; or an alk>'! group having 
5 1-6 carbons; or a halogen; or -OSO.R'^ where R'^ \z alk\'I having 1-6 carbons, or pcrfluoroalkyi 

having 1-6 carbons, or an'i; or an OMEGA; or -OH. -ORl -SR^ -(NR^R^) where R« and R^ which 
^ can be the same or different, are independently H: or alkvi groups having 1-6 carbons; or 1-2 

:i alicvclic. heieroaliaclic, aromatic or heicroaromatic rings, containing 1-4 hcteroatoms. wherein the 

hetero atoms are O. N or S; or R^ and R^ taken in combination are -(CH^)3-L-(CH2,\- where L = a 
10 single bond. -0-. -CH.-. or -NR,o-, where R"^ is H or an alk>i group having 1-6 carbons: and t = 1-4; 

or R^ and R^ taken in combination are -{CH^)^.- where v = 3 or 4. or R^ and R^ form a fused aromatic 
ring according to formula Q2: 

15 R^', R'% R'^ and R'*^. which may be the same or different, are independently H: or an alkyl group 

having 1-6 carbons: or a halogen; or an OMEGA: or -OH, -0R^ -SR^ or -(NR^R^); 

OMEGA is a saturated or unsaturated, substituted or unsubstituted. cyclic substituent that has a total 
of 2-16 ring carbon atoms in 1-2 alicyclic, heteroalic>'clic. aromatic, or heteroaromatic rings, 
20 containing 1-4 heteroatoms (wherein the hetero atoms are 0, N or S), that is unsubstituted or 

optionally substituted one or more times, independently, by halogen, alkyl, perfluoroalkyl, amino, 
alkylamino. dialk^Iamino. alkoxy or carboxyalkyl. having 1-6 carbons, and that is attached as R^, R'*, 
R^ R^ R\ R". R'=, or R'** by a single bond: 

25 such that at least one of R\ R'*, R-, R^ R\ R". R'-. R'\ and R'"* is an OMEGA, and, where more 

than one of R^ R**, R^ R^ Rl R". R'-. R'\ and R'-* is an OMEGA, each OMEGA is optionally the 
same or different. 



2. A compound according to Claim I wherein m - 1 and R- is an OMEGA. 

30 

3. A compound according to Claim 2 wherein R** is H: or R" is an alkyl group having 1-6 carbons; or a 
halogen: or R"* is -OH. -ORl -SR\ -(NRSR^): or R** is -OSO^R'^; or R-* is an OMEGA. 

4. A compound according to Claim 3. wherein n = 0 or 1. and OMEGA is phenyl or substituted phenyl. 

35 

5. A compound according to Claim 3. wherein R-* is halogen or -OSO2R''- 

6. A compound according to Claim 3. wherein R^* is -SR^ or -(NR^R^). 
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7. A cyclic-substituted unsymmetrical cyanine dye, comprising a first heterocyclic ring system that is a 
substituted benzothiazolium, benzoxazolium, benzoselenazolium, bcnzimidazolium. or dialk>'lindolinium: that 
is linked by a monomethine, trimethine, or peniamethine bridging moiety attached at the 2-position of said 
first ring system to the 2- or 4- position of a second heteroc>'cIic ring system that is a substituted pyridinium or 
5 quinolinium, wherein one or more substiiuents of said second ring s\'Stcm is an OMEG A, where OMEGA is a 
saturated or unsaturated, substituted or unsubstituied, c>xlic substituent that has a total of 2-16 ring carbon 
atoms in 1-2 alicyclic. heteroalicyclic. aromatic, or heteroaromatic rings, containing 1-4 heteroa*oms (wherein 
the heteroatoms are O, N or S). 

10 8. A c>'anine dye as claimed in Claim 7. wherein said first hcieroc\*clic ring s>'siem is a substituted 

benzothiazolium or benzoxazolium. which first niig svstem is substituted at its aromatic nitrogen by a lower 
allai. 

9. A c>'anine dye as claimed in Claim 7 or 8. wherein said second ring s>'stem is further independently 
15 substituted by hydrogen, saturated or unsaturated lower alk>'l. halogen, an ether, a thioether. a substituted or 
unsubstituted amino, an OMEGA; or a sulfonate ester. 

$ 

^ 10. A cyanine dye as claimed in Claim 7 or 8, wherein said second ring system is a 4-quinolinium that is 

substituted at the ring nitrogen by an OMEGA. 

20 

1 1. A cyanine dye as claimed in Claim 7 or 8. wherein OMEGA is a substituted or unsubstituted phenyl. 

12. A cyanine dye as claimed in Claim 10, wherein a substituent adjacent to OMEGA is hydrogen: a saturated 
or unsaturated alkyl; a halogen; an ether; a thioether: a substituted or unsubstituted amino, or a sulfonate ester. 

25 

13. A cyanine dye as claimed in Claim 12. wherein said substituent adjacent to OMEGA is a halogen or a 
sulfonate ester. 

14. A cyanine dye as claimed in Claim 12, wherein said substituent adjacent to OMEGA is a thioether or 
''^ 30 substituted or unsubstituted amino. 

15. A fluorescent complex comprising a nucleic acid and one or more molecules of a dye compound of Claims 
1 to 14. 
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16. A meihod of staining nucleic acids in a sample, comprising 

a) combining a sample that contains or is thought to contain nucleic acids with a c>'clic substituted 
unsymmetrical dye compound of Claims 1 to 14; 

5 

b) incubating the sample for a time sufficient for the dye compound to combine with the nucleic acids in the 
sample to form a nucleic acid-dye complex that gives a detectable fluorescent signal; 

c) observing the detectable fluorescent signal of the nucleic acid-dye complex. 

10 

17. A method according to Claim 16, of staining riu^icic acids in a sample, wherein the nucleic acids are 
enclosed in a biological structure. 

18. A method according to Claim 16. of staining nucleic acids in a sample, wherein the nucleic acids are in 
15 solution. 

19. A method according to Claim 16 or 18. further comprising eleclrophoretic separation of the nucleic acids 
or nucleic acid-dye complex, 

20 20. A method according to Claim 19, further comprising combining the dye compound of Claims 1 to 14 with 
the gel before or after electrophoresis. 

21. A method according to Claim 16, of staining nucleic acids in a sample, wherein the nucleic acids are 
immobilized on a solid or semi-solid support. 

25 

22. A method according to Claim 17 further comprising combining the sample with one or more additional 
dyes, singly or in combination: where at least one additional dye is a fluorescent nucleic acid stain that is 
permeant or impermeant to cells: another additional dye is selectively permeant to Gram positive or Gram 
negative bacteria: and where each of the additional dyes has a fluorescent response to illumination that is 

30 detectably different irom that of the other dye<^ 

23. A method according to Claim 22 wherein the nucleic acid stain is impermeant to cells with intact 
membranes. 

35 24. A method according to Claim 23 wherein the impermeant nucleic acid stain is phenanthridium monomer 
or dimer derivative that is an ethidium, ethidium dimcr. propidium: or is a benzazolium monomer or dimer 
derivative that is TOTO. YOYO. POPO. BOBO. TO-PRO. YO-PRO. BO-PRO, PO-PRO. 
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25. A method according to Claim 22 wherein the nucleic acid stain is permeant to cells or is selectively 
permeant to Gram positive bacteria and is a C^-Cg alk>'l-subsiiiutcd phcnanthridium, or Hoechst 33258 or 
Hoechst 33342, or DAPI. 

5 26. A method according to any one of Claims 16. 17 or 22-25 further comprising combining the sample with 
one or more additional dyes, singly or in combination; where at least one additional dye is a fluorescent dye of 
a MW less than 2000 that selectively stains a cellular sirucrure ihut is not a nucleic acid or is not an enzyme 
substrate; and where each of the additional dyes has a fluorescent response to illumination that is detcctably 
different from that of the other dyes. 

10 

27. A melhoQ according to Claim 26. wherein the cellular structure is a cell membrane, a protein, a vacuole, a 
mitochondrion, a Golgi apparatus, an endoplasmic reticulum, a c>toplasm. a lysosome. or a saccharide or 
polysaccharide. 

15 28. A method according to any one of Claims 16, 17 or 22-25 fiirther comprising combining the sample with 
one or more additional dyes, singly or in combination: where at least one additional dye is a fluorescent 
peptide or protein, where the protein is an antibody, a lectin, an avidin, slreplavidin, protein A or protein G; 
and where each of the additional dyes has a fluorescent response to illumination that is detectably different 
from that of the other dyes. 

20 

29. A method according to any one of Claims 16, 17 or 22-25; further comprising combining the sample with 
one or more additional dyes, singly or in combination; where at least one additional dye is a fluorogenic 
substrate for an intracellular enzyme: where said substrate has a fluorescent response to illumination that is 
detcctably different from that of the other dyes after action of the enz>Tne. 

25 

30. A method according to Claim 29 wherein the intracellular enz> me is a hydrolytic enz>'me. an oxidase or a 
reductase. 

3 1. A method according to any one of Claims 22-25 wherein the fluorescent response of the dyes to 

30 illumination is detected using a flow c>iometer. a fluorometer or fluorescence plate reader, or a fluorescence 
microscope. 
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32. A compound of the formula: 




5 wherein is an OMEGA; 
B is methyl; 

R", R'^ R'\ and R'** are independently H or alk>'I having 1-6 carbons; and 

10 

R'* is F, CI, Br, I, or -OSOjR'' where R*^ is alkyi having 1-6 carbons, or perfluoroalk>'l having 1-6 carbons, or 



32. A compound of the formula: 

15 
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B is methyl: 

R\ K\ K\ R", R'-, R^K and R'-^ are independently H or alkv'l having 1-6 carbons; and 

R-* is F, CI, Br, I. or -OSO.R'^ where R^ is alk>i ha\ing 1-6 carbons, or perfluoroalk>i having 1-6 carbons, 
aryi. 
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STATEMENT UNDER ARTICLE 19 



IN THE CLAIMS: 

Substitute pages 33-37/1 are submitted to correct the following: 

The incorrect spelling of "alk>'!" in Claim 3. 

The incorrect spelling of "substituent" in Claim 7. 

The improper multiple claim dependence of Claims 10-14. 

The improper dependence and awkward language of Claims 22, 26, 28 and 29. 

The incorrect spelling of "is" in Claim 29. 

The incorrect spelling of "fluorescence" in Claim 3 1 . 

The informal it\' of the chemical structures in Claim 32. 

^ I certif)' that the amendments made to the application are editorial in nature, and do not go beyond the disclosure as 

originally filed. 
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iJvJbLECULAR 
IsJ^ROBES, INC 



4849 PITCH FORD AVE.. EUGENE. OR 97402-9144 or P.O. BOX 22010. EUGENE. OR 97402-0414 
(503) 465-8300 • FAX (503) 344-6504 



Request for rectification under Rule 91.1(0* 



June 13. 1994 



International Bureau of WTPO 
34. chemin des Colombcttes 
1211 Geneva 20. Switzerland 



Fax: (41-22) 910 06 10 



RE: Request for publication of a Request for RectificMon of Obvious Error wuh International Publication for 
PCT application PCT/US94/04127 



Dear Sir: 



On June 8. 1994, our company filed a request for rectification of obvious errors under PCT Rule 91 with the 
US Receiving Office in regards to the above PCT application. We have requested that additional priority 
documents and da^es be added to the PCT request. We have been verbally assured that our request will be 
refused, and we therefore ask that our request for rectification be published with the application. A true copy 
of our request to the US Receiving Office is attached. It is our understanding that the International Bureau 
will not publish the request without prior receipt of notification from the Receiving Office. 

Under Rule 91. 1(0, this request is subject to the payment of a special fee. We have therefore enclosed a check 
in the amount of CHF 62. 



Sincerely yours, 
MOLECULAR PROBES. INC. 

Allegra J. Helfenstcin 
Attorney 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
PCT RECEIVING OFFICE 

In re application of: Molecular Probes. Inc. 

Int. Appl. No.: PCT/US94/04127 

Int. Filing Date: April 13, 1994 

Priority Date: April 13. 1993 

For: CYCLIC-SUBSTITUTED UNSYMMETRICAL CYANINE DYES 
Date: June 7. 1994 

Request for Rectification of Ohvioiix Error untlcr PCT Rule 91 

Box PCT 

Honorabie Commissioner 

of Patents and Trademarks 
Washington, D.C. 20231 



Dear Sir: 

The PCT Request submitted for the above-identified application claimed the priority of US 
Application No. 08/047.683. However. US Applications 08/090,890 (filed 12/7/93), 08/143,440 (filed 
1/11/93), and 08/148,847 (filed 08/1 1/93). all of which are continuing applications from the '683 application, 
were inadvertantly not claimed in the PCT request. 



Applicant hereby requests that the PCT Request be corrected to include these three priority documents 
and their respective priority dates under PCT Rule 9 1 . Applicants request the following priority documents be 
added to Bo.\ No. VT of the PCT Rcquesi: 



Countrv 


Filing Dale (d/m/v) 


Application No. 


Office of filing 


item (2) 

U.S. 


12/7/93 


08/090.890 




ilcm (3) 

U.S. 


1/11/93 


08/146.328 




item (4) 

U.S. 


8/1 1/93 


08/148.847 





Applicant believes thai this error is obvious, and that nothing else could have been intended other 
than what is currently ofTcrcd as rcctincaiion. This request is submitted within the time limits specified in 
PCT Rule 91 (0 (g) and (g^is)- Applicant fijnhcr requests that this request for rectification be published 
together with the international application. 
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In ihe event that there arc any questions relating to this request, or the application in general, it would 
be appreciated if the Receiving OfTicc would telephone the undersigned attorney concerning such questions so 
that the prosecution of the application may be expedited. 

R'^spectfully submitted. 



Attorney for Applicants 
Allegra J. Helfcnsiein 
Registration No. 34.179 
Legal Counsel 
Molecular Probes. Inc. 
P.O. Box 22010 
Eugene. OR 97402 
TEL: (503) 465-8362 
FAX: (503) 344-6504 
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see abstract 
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* Speaal categories of ated documents : 
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later than the pnonty date claimed 



*T' later document published after the mtemaoonal filing date 
or pnonty dale and not in conflict with the appitcaoon but 
ated to understand the pnnciple or theory underiymg the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
mvolve an inventive step when the document is taken alone 

'Y' document of particular relevance; the claimed invenoon 
cannot be considered to involve an invcnove step when the 
document is combined with one or more other such docu- 
ments, such combinaQon being obvious to a person slalled 
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